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ABSTRACT 
Background: Nutrition plays a crucial role in the prevention, reduction of 
risk factors and management of chronic diseases. Pregnancy is associated 
with increased demand for all micronutrients. Altered plasma levels of iron, 
zinc and vitamin A during pregnancy are known to have profound effects on 
pregnant women and their newborns. The status and effects of these 
micronutrients is not known in pregnant women in Yemen.  
Objective: This study aimed to assess micronutritional status of vit.A, iron, 
and zinc of Yemeni pregnant women and their newborns and to examine the 
relationship of maternal micronutritional status to the outcome of pregnancy. 
The study was also to investigate the relationship between maternal 
socioeconomic status and micronutrients level. 
Materials & Methods: This is a descriptive cross sectional study that was 
carried at Al-Sabeen maternal referral hospital in Sana'a. It included 184 
subjects, 92 Yemeni pregnant women coming for delivery and their 
newborns after taking their consent. A questionnaire was used to collect 
personal, socioeconomic data and dietetic history. Blood samples from 
mothers and umbilical cord were analyzed for hemoglobin, serum iron, 
ferritin, total iron binding capacity (TIBC), zinc and vitamin A (vit.A).  
Results: Most of the mothers (91.3%) were housewives; 34.78% of them 
were illiterate. Dietetic history showed that carbohydrates were the 
predominant nutrients. Thirty four mothers (36.96%) used vitamins and 
mineral supplements. Qat chewing was only practiced by 30 mothers 
(32.61%) and it was not statistically related to their parameters or their 
newborns’. Seventy three mothers (79.35%) drink tea with or immediately 
after meals. It was significantly related to mothers' hemoglobin and serum 
iron levels and to newborns' hemoglobin & serum vit.A levels. Child 
marriage (<18yrs) was observed in 23.91% and it was significantly related to 
their hemoglobin.  
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 The mean hemoglobin concentration of mothers was 11.78 ± 1.32 
g/dL and that of their newborns was 14.69 ± 1.25 g/dL.  Sixty seven mothers 
(72.8%) had normal hemoglobin, while 25 (27.2%) were anaemic. Forty 
four mothers (50%) had serum iron levels less than normal range. Mean 
serum TIBC for the mothers was 468.40 ± 318.84 µg/dL; while that of their 
newborns was 309.81± 152.17 µg/dL. Fifty nine mothers (67.82%) and 76 
of newborns (93.83%) had normal serum ferritin levels. Fifty four mothers 
(60.67%) and 45 (53.57%) of newborns had normal serum zinc levels.  Most 
of the mothers (96.67%) and their newborns had normal serum vit.A levels. 
Micronutrient status of newborns was found to be significantly correlated to 
their mothers' micronutrient status in all studied biochemical parameters. 
Regarding the pregnancy outcome, the number of pregnancies was 
significantly related to maternal serum iron and their newborns' hemoglobin 
levels. The mean of the newborns' weight was 2.8 ±0.47 kg. Most of the 
newborns (n=75, 81.52%) had normal birth weight. It was significantly 
related only to their mothers' hemoglobin and serum zinc levels.   Neonatal 
assessment revealed that 90 of the newborns (97.83%) had normal Apgar 
score. 
Conclusions: These results indicated that maternal drinking of tea with or 
immediately after meals was significantly related to mothers' hemoglobin 
and serum iron levels and to newborns' hemoglobin and serum vit.A levels. 
Early marriage was related to mothers’ hemoglobin.  Micronutrient status of 
newborns was found to be correlated to their mothers' micronutrient status. 
Most of the mothers and new borns had normal vit.A levels.  Serum zinc 
was low in about 44% of newborns; this may be a reflection of low zinc 
among a large number of mothers (34%). Supplementation, nutritional 
education and counseling may improve dietary intake and habits which is 
crucial for maternal and newborn health.      
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 ﻣﺴﺘﺨﻠﺺ اﻟﺪراﺳﺔ
ﻭﺍﻟﺘﻘﻠﻴل ﻤﻥ  ﻤﺯﻤﻨﺔﺍﻟﻤﺭﺍﺽ ﺍﻷ ﻤﻥ ﻌﺩﻴﺩﺍﻟ ﻭﻤﻌﺎﻟﺠﺔ ﺍﻟﺘﻐﺫﻴﺔ ﺘﻠﻌﺏ ﺩﻭﺭﺍ ﺃﺴﺎﺴﻴﺎ ﻓﻲ ﺍﻟﻭﻗﺎﻴﺔ :ﻤﻘﺩﻤﺔ
ﻭﻤﻥ . ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ ﻓﻲ ﻓﺘﺭﺓ ﺍﻟﺤﻤلﺠﻤﻴﻊ ﺘﺯﺩﺍﺩ ﺍﻟﺤﺎﺠﺔ ﺇﻟﻰ . ﻋﻭﺍﻤل ﺍﻟﺨﻁﻭﺭﺓ
ﻷﻡ ﺃﺜﻨﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺤﻤل ﻟﻬﺎ ﺁﺜﺎﺭ ﻜﺒﻴﺭﺓ ﺃﻥ ﺘﻘﻠﺒﺎﺕ ﻤﺴﺘﻭﻯ ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﺯﻨﻙ ﻭﻓﻴﺘﺎﻤﻴﻥ ﺃ ﻓﻲ ﺩﻡ ﺍﺍﻟﻤﻌﺭﻭﻑ 
    .ﺍﻟﻴﻤﻨﻴﺎﺕ ﺍﻟﻨﺴﺎﺀ ﺍﻟﺤﻭﺍﻤلﺤﺎﻟﺔ ﻫﺫﻩ ﺍﻟﻌﻨﺎﺼﺭ ﻟﻴﺴﺕ ﻤﻌﺭﻭﻓﺔ ﻓﻲ ﻭﻟﻜﻥ  ،ﻋﻠﻰ ﺍﻷﻡ ﻭﺠﻨﻴﻨﻬﺎ
ﻔﻴﺘﺎﻤﻴﻥ ﺃ ﻭ ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﺯﻨﻙ ﻓﻲ ﺍﻟﻨﺴﺎﺀ ﻟﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺴﻌﺕ ﻟﺘﻘﻴﻴﻡ ﺍﻟﺤﺎﻟﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ  :ﺍﻷﻫﺩﺍﻑ
، ﻥ ﻤﺴﺘﻭﻯ ﻫﺫﻩ ﺍﻟﻌﻨﺎﺼﺭ ﻓﻲ ﺩﻡ ﺍﻷﻤﻬﺎﺕ ﻭﻤﻭﺍﻟﻴﺩﻫﻥﻭﺘﻘﻴﻴﻡ ﺍﻟﻌﻼﻗﺔ ﺒﻴ ،ﺍﻟﺤﻭﺍﻤل ﻭﻤﻭﺍﻟﻴﺩﻫﻥﺍﻟﻴﻤﻨﻴﺎﺕ 
  .ﻋﻠﻰ ﺫﻟﻙﺍﻟﻤﺅﺜﺭﺓ ﺍﻟﻌﻭﺍﻤل ﺍﻻﺠﺘﻤﺎﻋﻴﺔ ﻭﺍﻻﻗﺘﺼﺎﺩﻴﺔ ﻭ
ﺌﻲ ﻴﺄﺘﻴﻥ ﺍﻟﺤﻭﺍﻤل ﺍﻟﻼ ﺍﻟﻴﻤﻨﻴﺎﺕ ﺍﻟﻨﺴﺎﺀ ﻋﻠﻰ ﺃﺠﺭﻴﺕﻫﺫﻩ ﺩﺭﺍﺴﺔ ﻭﺼﻔﻴﺔ ﻤﻘﻁﻌﻴﺔ ﻋﺭﻀﻴﺔ  :ﺍﻟﻤﻨﻬﺠﻴﺔ
ﻓﺭﺩﺍ،  481ﻟﺩﺭﺍﺴﺔ ﺍ ﺸﻤﻠﺕ .ﻥﻟﻠﻭﻻﺩﺓ ﻓﻲ ﻤﺴﺘﺸﻔﻰ ﺍﻟﺴﺒﻌﻴﻥ ﻟﻸﻤﻭﻤﺔ ﻭﺍﻟﻁﻔﻭﻟﺔ ﺒﺼﻨﻌﺎﺀ ﻭﻤﻭﺍﻟﻴﺩﻫ
ﺍﺴﺘﺨﺩﻡ ﺍﺴﺘﺒﻴﺎﻥ ﻟﺠﻤﻊ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺸﺨﺼﻴﺔ . ﻭﻤﻭﺍﻟﻴﺩﻫﻥ ﺒﻌﺩ ﺃﺨﺫ ﻤﻭﺍﻓﻘﺘﻬﻥ ﺴﺎﺀ ﺍﻟﺤﻭﺍﻤلﻤﻥ ﺍﻟﻨ 29
 ﻬﺎﺘﺤﻠﻴﻠﻭ ﻭﺍﻟﺤﺒل ﺍﻟﺴﺭﻱ ﺃﺨﺫ ﻋﻴﻨﺎﺕ ﻤﻥ ﺩﻡ ﺍﻷﻡ ﺘﻡ . ﻭﺍﻹﺠﺘﻤﺎﻋﻴﺔ ﻭﺍﻹﻗﺘﺼﺎﺩﻴﺔ ﻭﺍﻟﺴﻴﺭﺓ ﺍﻟﻐﺫﺍﺌﻴﺔ
ﺍﻟﺯﻨﻙ، ﻭ ﻟﻠﺤﺩﻴﺩ،ﻭﺍﻟﺤﺩﻴﺩ، ﻭﺍﻟﺤﺩﻴﺩ ﺍﻟﻤﺨﺯﻭﻥ، ﻭﺍﻟﺴﻌﺔ ﺍﻟﻜﻠﻴﺔ ﺍﻟﺭﺍﺒﻁﺔ  ﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻟﺩﺭﺍﺴﺔ ﻤﺴﺘﻭﻯ
  .ﻭﻓﻴﺘﺎﻤﻴﻥ ﺃ
ﺍﻟﺴﻴﺭﺓ ﺍﻟﻐﺫﺍﺌﻴﺔ . ﻤﻨﻬﻥ ﻜﻥ ﺃﻤﻴﺎﺕ% 87.43ﻜﻥ ﺭﺒﺎﺕ ﺒﻴﻭﺕ، ﻭ%( 3.19)ﻤﻌﻅﻡ ﺍﻷﻤﻬﺎﺕ  :ﻨﺘﺎﺌﺞﺍﻟ
ﺃﺭﺒﻊ ﻭﺜﻼﺜﻭﻥ ﻤﻥ  .ﻋﻠﻰ ﺍﻟﻭﺠﺒﺎﺕ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻴﻭﻤﻴﺎ ﺔﺘﺒﻴﻥ ﺃﻥ ﺍﻟﻨﺸﻭﻴﺎﺕ ﻫﻲ ﺍﻟﻤﻐﺫﻴﺎﺕ ﺍﻟﻤﻬﻴﻤﻨ
ﺘﻌﺎﻁﻰ ﻋﺎﺩﺓ  .ﻓﺘﺭﺓ ﺍﻟﺤﻤلﺘﻨﺎﻭﻟﻥ ﻤﻘﻭﻴﺎﺕ ﻤﻥ ﺍﻟﻔﻴﺘﺎﻤﻴﻨﺎﺕ ﻭﺍﻟﻤﻌﺎﺩﻥ ﺃﺜﻨﺎﺀ  )%69.63( ﺍﻷﻤﻬﺎﺕ
ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﺒﺎﻟﻌﻨﺎﺼﺭ ﻋﻼﻗﺔ ﺫﺍﺕ ﻭﻟﻡ ﻴﻜﻥ ﻟﻬﺎ  ﻤﻥ ﺍﻷﻤﻬﺎﺕ %(16.23)ﻥ ﺜﻼﺜﻭﻤﻀﻎ ﺍﻟﻘﺎﺕ 
ﺎﻭﻟﻥ ﺍﻟﺸﺎﻱ ﻤﻊ ﺃﻭ ﺒﻌﺩ ﻴﺘﻨ %(53.97)ﻤﻥ ﺍﻷﻤﻬﺎﺕﺜﻼﺙ ﻭﺴﺒﻌﻭﻥ . ﺍﻟﻤﺩﺭﻭﺴﺔ ﻟﻬﻥ ﺃﻭ ﻟﻤﻭﺍﻟﻴﺩﻫﻥ
ﺘﻭﻯ ﺍﻟﺤﺩﻴﺩ ﺴﻤﺭﺘﺒﻁﺔ ﺒﻌﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﺒﺕ ﻤﻭﻫﺫﻩ ﻜﺎﻨ .ﻤﺒﺎﺸﺭﺓ ﺍﻟﻐﺫﺍﺌﻴﺔ ﺍﻟﻭﺠﺒﺎﺕ
، ﺍﻟﺯﻭﺍﺝ ﻗﺒل ﻤﺒﻜﺭﻭﺍﺝ ﺍﻟﺍﻟﺯ. ﻭﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻟﺩﻯ ﺍﻷﻤﻬﺎﺕ، ﻭﺒﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻭﻓﻴﺘﺎﻤﻴﻥ ﺃ ﻓﻲ ﻤﻭﺍﻟﻴﺩﻫﻥ
ﺨﻀﺎﺏ ﺍﻟﺩﻡ  ﺘﻭﻯﻤﺴﺒﺇﺤﺼﺎﺌﻴﺎ  ﺎﻤﺭﺘﺒﻁ ﺎﻥﻤﻥ ﺍﻷﻤﻬﺎﺕ، ﻭﻜ %19.32ﻟﻭﺤﻅ ﻓﻲ ﺴﻥ ﺍﻟﺜﺎﻤﻨﺔ ﻋﺸﺭﺓ، 
  . ﻟﺩﻴﻬﻥ
ن اﻟﻤﻮاﻟﻴﺪ آﺎ وﻓﻲ دل\ﺟﻢ 23.1±87.11ﻤﺘﻭﺴﻁ ﺘﺭﻜﻴﺯ ﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻓﻲ ﺍﻷﻤﻬﺎﺕ ﻜﺎﻥ 
 ، ﺑﻴﻨﻤﺎ ﻣﻦ اﻷﻣﻬﺎت آﺎن ﺧﻀﺎب اﻟﺪم ﻟﺪﻳﻬﻦ ﻃﺒﻴﻌﻴﺎ%( 8.27)ﺳﺒﻊ وﺳﺘﻮن . دل\ﺟﻢ 52.1±96.41
آﺎن ﻣﺴﺘﻮى %( 05) ﻣﻦ اﻷﻣﻬﺎتأرﺑﻊ وأرﺑﻌﻮن . ﻣﻨﻬﻦ%( 2.72)52أﻗﻞ ﻣﻦ اﻟﻄﺒﻴﻌﻲ ﻓﻲ  آﺎن
ﻓﻲ ﺍﻷﻤﻬﺎﺕ ﻜﺎﻥ ﻤﺘﻭﺴﻁ ﺘﺭﻜﻴﺯﺍﻟﺴﻌﺔ ﺍﻟﻜﻠﻴﺔ ﺍﻟﺭﺍﺒﻁﺔ ﻟﻠﺤﺩﻴﺩ . اﻟﺤﺪﻳﺪ ﻓﻲ ﻣﺼﻠﻬﻦ أﻗﻞ ﻣﻦ اﻟﻄﺒﻴﻌﻲ
ﻤﺴﺘﻭﻯ  .دل\ﻣﻴﻜﺮوﺟﺮام 71.251±18.903ﻭﻓﻲ ﺍﻟﻤﻭﺍﻟﻴﺩ  دل\ﻣﻴﻜﺮوﺟﺮام 48.813±04.864
  .ﻣﻦ اﻟﻤﻮاﻟﻴﺪ %(38.39) 67 ﻣﻦ اﻷﻣﻬﺎت  و%( 28.76) 95ﻓﻲ  ﻁﺒﻴﻌﻴﺎ آﺎنﺍﻟﺤﺩﻴﺩ ﺍﻟﻤﺨﺯﻭﻥ 
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 54ﺍﻷﻤﻬﺎﺕ ﻭ ﻣﻦ %( 76.06) 45ﻓﻲ ﻁﺒﻴﻌﻴﺎ  ﻓﻲ ﺍﻟﻤﺼل ﻜﺎﻥ ﺘﺭﻜﻴﺯﺍﻟﺯﻨﻙﻣﺴﺘﻮى 
ﻣﻌﻈﻢ اﻷﻣﻬﺎت ﻓﻲ  ﻁﺒﻴﻌﻴﺎ ﻜﺎﻥﻓﻲ ﺍﻟﻤﺼل  ﺃ ﻓﻴﺘﺎﻤﻴﻥ ﺘﺭﻜﻴﺯﺴﺘﻮى ﻣ .ﻣﻦ اﻟﻤﻮاﻟﻴﺪ%( 75.35)
     .وﻣﻮاﻟﻴﺪهﻦ%( 76.69)
ﻓﻲ ﺠﻤﻴﻊ  ﺎﻟﺤﺎﻟﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ ﻟﻸﻤﻬﺎﺕﺒ ﻤﺭﺘﺒﻁﺔﺍﻟﺤﺎﻟﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ ﻟﻠﻤﻭﺍﻟﻴﺩ ﻭﺠﺩ ﺃﻨﻬﺎ 
  . ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺩﺭﻭﺴﺔ
 ﻓﻴﻤﺎ ﻴﺨﺹ ﻨﺎﺘﺞ ﺍﻟﺤﻤل، ﻓﺈﻥ ﻋﺩﺩ ﻤﺭﺍﺕ ﺍﻟﺤﻤل ﻜﺎﻥ ﻤﺭﺘﺒﻁﺎ ﺒﻌﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ
ﺯﻥ ﺍﻟﻤﻭﺍﻟﻴﺩ ﻜﺎﻥ ﻭ ﻤﺘﻭﺴﻁ. ﺤﺩﻴﺩ ﻓﻲ ﻤﺼل ﺍﻷﻤﻬﺎﺕ ﻭﺒﻤﺴﺘﻭﻯ ﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻓﻲ ﺍﻟﻤﻭﺍﻟﻴﺩﺒﻤﺴﺘﻭﻯ ﺍﻟ
ﺯﻥ ﺍﻟﻤﻭﺍﻟﻴﺩ ﻭ .ﻜﺎﻥ ﻭﺯﻨﻬﻡ ﻓﻲ ﺍﻟﻤﺩﻯ ﺍﻟﻁﺒﻴﻌﻲ%( 25.18= 57)ﻤﻌﻅﻡ ﺍﻟﻤﻭﺍﻟﻴﺩ   .آﺠﻢ74.0±8.2
ﻭﻋﻨﺼﺭ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺒﻤﺴﺘﻭﻯ ﺨﻀﺎﺏ ﺍﻟﺩﻡ  ﺒﻌﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﺇﺤﺼﺎﺌﻴﺎ ﻜﺎﻥ ﻤﺭﺘﺒﻁﺎ
ﻜﺎﻨﻭﺍ ﻓﻲ ﺍﻟﻤﺩﻯ ﺍﻟﻁﺒﻴﻌﻲ ﺒﻤﻘﻴﺎﺱ ﻤﻥ ﺍﻟﻤﻭﺍﻟﻴﺩ %( 38.79) 09ﺩﻱ ﺃﻅﻬﺭ ﺃﻥ ﺍﻟﺘﻘﻴﻴﻡ ﺍﻟﻭﻟﻴ  .ﺍﻷﻤﻬﺎﺕ
    . ﺃﺒﺠﺭ
ﻠﺸﺎﻱ ﺃﺜﻨﺎﺀ ﺃﻭ ﺒﻌﺩ ﺍﻟﻁﻌﺎﻡ ﻟ ﺍﻷﻤﻬﺎﺕ ﺸﺭﺏﻋﺎﺩﺓ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﺸﻴﺭ ﺇﻟﻰ ﺃﻥ  :ﺨﻼﺼﺔﺍﻟ
، ﻭﻜﺫﻟﻙ ﻋﻨﺩ ﺍﻷﻤﻬﺎﺕﻭﺨﻀﺎﺏ ﺍﻟﺩﻡ  ﺒﻤﺴﺘﻭﻯ ﺍﻟﺤﺩﻴﺩﻤﺒﺎﺸﺭﺓ ﻜﺎﻥ ﻟﻪ ﺍﺭﺘﺒﺎﻁ ﺫﻭ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ 
 ﺘﻭﻯﻤﺴﺒﺍﻟﺯﻭﺍﺝ ﺍﻟﻤﺒﻜﺭﻟﻸﻤﻬﺎﺕ ﻜﺎﻥ ﻤﺭﺘﺒﻁﺎ ﺇﺤﺼﺎﺌﻴﺎ . ﻓﻴﺘﺎﻤﻴﻥ ﺃ ﻟﻤﻭﺍﻟﻴﺩﻫﻥﺒﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻭﻤﺴﺘﻭﻯ 
ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ  ﻤﺭﺘﺒﻁﺔ ﺒﺎﻟﺤﺎﻟﺔﺍﻟﺤﺎﻟﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ ﺍﻟﺩﻗﻴﻘﺔ ﻟﻠﻤﻭﺍﻟﻴﺩ ﻭﺠﺩ ﺃﻨﻬﺎ  .ﺨﻀﺎﺏ ﺍﻟﺩﻡ ﻟﺩﻴﻬﻥ
ﺘﺭﻜﻴﺯﺍﻟﺯﻨﻙ ﻓﻲ ﻤﺴﺘﻭﻯ . ﻓﻲ ﻣﻌﻈﻢ اﻷﻣﻬﺎت وﻣﻮاﻟﻴﺪهﻦﻜﺎﻥ ﻁﺒﻴﻌﻴﺎ  ﺘﺭﻜﻴﺯ ﻓﻴﺘﺎﻤﻴﻥ ﺃ .ﻟﻸﻤﻬﺎﺕ
، ﻭﻗﺩ ﻴﻜﻭﻥ ﻫﺫﺍ ﺍﻨﻌﻜﺎﺴﺎ ﻟﻨﻘﺼﺎﻥ ﻫﺫﺍ ﺍﻟﻌﻨﺼﺭ ﺍﻟﻤﻭﺍﻟﻴﺩﻤﻥ % 44ﻓﻲ  ﻤﻥ ﺍﻟﻁﺒﻴﻌﻲ ﻜﺎﻥ ﺃﻗل  ﺍﻟﻤﺼل
 ﺇﻋﻁﺎﺀ ﺍﻟﻤﻘﻭﻴﺎﺕ ﻭﺍﻟﺘﻭﻋﻴﺔﺍﻟﺘﻐﺫﻭﻴﺔ. ﻤﻨﻬﻥ% 43ﻓﻲ ﺍﻷﻤﻬﺎﺕ ﺤﻴﺙ ﻜﺎﻥ ﺃﻗل ﻤﻥ ﺍﻟﻁﺒﻴﻌﻲ ﻓﻲ ﺤﻭﺍﻟﻲ 
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CHAPTER ONE 
 
I. INTRODUCTION & LITERATURE REVIEW 
I.1.Overview  
Nutrients consist of micro- and macronutrients. Micronutrients 
include vitamins and some elements; they are essential for health, and 
generally are consumed in small amounts (< 1gm/d). They are usually 
absorbed unchanged; many have catalytic functions (1).  Trace elements are 
defined as elements required in the diet and found in tissues in minute 
amounts (2, 3).   
Research has demonstrated that nutrition plays a crucial role in the 
prevention of disease. Food is not only necessary for living but also as 
source of mental and physical well-being, contributing to the prevention and 
reduction of risk factors for several diseases or enhancing certain 
physiological functions (4). In reference to the immune system, many 
studies have pointed that micronutrients contribute to an enhancement of 
immuno-competence (5). 
    
Micronutrient deficiencies, a significant cause of malnutrition, are 
associated with ill health among populations in developing countries (6). 
Deficiencies in vitamin A, iodine, and iron are known to be especially 
prevalent, and are associated with a range of mild (often reversible) to severe 
(often irreversible) effects. At the sub-clinical level of micronutrient 
deficiency, poor general health and decreased school and work performance 
are likely to occur (6). Additionally, the mortality risk increases. Known 
clinical outcomes of micronutrient deficiencies include impaired growth and 
cognitive development, poor birth outcomes, anemia, cretinism, and 
blindness (6). The deficiency of these nutrients arise from inadequate 
intakes, impaired absorption and/or utilization, excessive losses, or a 
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combination of these factors and are exacerbated during times of greater 
physiological need such as infancy, adolescence and pregnancy (7). 
 
Pregnancy is associated with increased demand of all the 
micronutrients like iron, copper, zinc, vitamin B12, folic acid and ascorbic 
acid and deficiency of any of these could affect pregnancy, delivery and the 
outcome of pregnancy (8). During pregnancy, maternal metabolism adjusts 
dramatically, mediated by changes in key reproductive hormones, human 
chorionic gonadotropin, human placental lactogen, progesterone, estradiol, 
estrone, estriol, prolactin, and cortisol (9). The hormonal milieu during 
pregnancy is important for maintaining the flow of nutrients to the fetus, 
stimulating uterine growth, and promoting mammary development, among 
many other functions (10).  
   
 
Pregnancy is a critical period during which good maternal nutrition is 
a key factor influencing the health of both child and mother. Maternal 
weight gain during pregnancy influences infant birth weight and health, and 
outcomes vary depending on the mother’s prepregnancy nutritional status 
(11). Birth weight and gestational age have long been recognized as 
important determinants of infant morbidity and mortality (11). Impaired 
intrauterine growth and development may also “program” the fetus for 
cardiovascular, metabolic, or endocrine disease in adult life. At highest risk 
for these health problems are low birth weight infants born to 
undernourished mothers (11).  
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Concentrations of total plasma proteins and many nutrients also 
decline during pregnancy, but most plasma lipids increase. In most cases, 
these declines in plasma vitamin and mineral concentrations are due to 
normal, physiological changes secondary to the expansion of blood volume 
(12). During pregnancy, changes in renal function occur and are associated 
with marked excretion of glucose, amino acids, and water-soluble vitamins 
(12). 
 Use of alcohol, tobacco, and other substances during pregnancy poses 
risks to the mother and child (13). 
 
 Chewing qat (takhzeen al-qat), a psychotropic plant, is a deeply rooted 
addictive habit in Yemeni society. Qat has been cultivated for use as a 
stimulant for centuries in Yemen, other parts of the Arabian Peninsula as 
well as the Horn of Africa (14, 15, 16).  Although the habit was traditionally 
practiced by men and only those of certain social classes, it is now prevalent 
among women and all socio-economic groups (16). It has been estimated 
that about 80% of Yemeni men and 60% of women chew qat (15).    
  
 Qat leaves contain more than 40 alkaloids, glycosides, tannis, 
terpenoids and others. Cathine and cathinone are the most important alkaloid 
constituents of qat that have amphetamine like effect (14). Therefore, people 
chew qat to get psycho-stimulation effect in the form of euphoria and 
excitement due to its cathine and cathinone contents (17). Qat has 
psychological, medical, social and economical negative health consequences 
on human beings (14, 16, 18, 19).  
 
 Qat chewing during pregnancy can have a damaging effect on the 
baby’s health and wellbeing (20). Lower birth weight was found to be 
associated with qat chewing (21, 22).  
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I.2.Vitamin A (Vit.A) 
Vitamin A, a family of fat-soluble compounds, is composed of 
preformed retinoids and provitamin A carotenoids (23). All vitamin A in the 
body originates from the diet and is absorbed in the small intestine, where it 
is packaged along with other dietary fats into chylomicrons, which are 
secreted into the lymphatic system. After entering the general circulation, 
chylomicrons undergo lipolysis and are eventually taken up by the liver, 
where the bulk of the body’s vitamin A is stored as retinyl esters. To meet 
constant tissue needs despite day-to-day variability in dietary vitamin A 
intake, a steady concentration of circulating retinol is maintained by drawing 
on hepatic reserves. This is accomplished through cosecretion from the liver 
of retinol bound to its specific carrier protein, retinol binding protein (RBP). 
Circulating retinol is taken up by target tissues, where it is converted to its 
active forms, retinoic acid [the ligand for nuclear retinoid receptors] or 11-
cis-retinal [the chromophore of the visual pigment rhodopsin (24). 
 
Vitamin A functions at two levels in the body: the first is in the visual 
cycle in the retina of the eye; the second is in all body tissues where it 
systemically maintains the growth and soundness of cells. In the visual 
system, carrier bound retinol is transported to ocular tissue and to the retina 
by intracellular binding and transport proteins. Rhodopsin, the visual 
pigment critical to dim-light vision, is formed in rod cells after conversion of 
all-trans-retinol to retinaldehyde, isomerization to the 11-cis-form, and 
binding to opsin. Alteration of rhodopsin through a cascade of 
photochemical reactions results in the ability to see objects in dim light. The 
speed at which rhodopsin is regenerated is related to the availability of 
retinol (25). 
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The growth and differentiation of epithelial cells throughout the body 
are especially affected by vitamin A deficiency (VAD). In addition, goblet 
cell numbers are reduced in epithelial tissues and as a consequence, mucous 
secretions (with their antimicrobial components) diminish. Cells lining 
protective tissue surfaces fail to regenerate and differentiate; hence they 
flatten and accumulate keratin. Both factors—the decline in mucous 
secretions and loss of cellular integrity—reduce the body’s ability to resist 
invasion from potentially pathogenic organisms (26). 
 
Classical symptoms of xerosis (drying or non-wetability) and 
desquamation of dead surface cells as seen in ocular tissue (i.e. 
xerophthalmia) are the external evidence of the changes also occurring to 
various degrees in internal epithelial tissues (27). 
 
Vitamin A helps in maintaining the surface linings of the eyes, and the 
respiratory, urinary and intestinal tracts. When those linings break down, 
bacteria can enter the body and cause infection (28). Vit.A is essential for 
normal function of the immune system (29). Low dietary intake of vitamin A 
has been shown to be associated with airflow limitation (30).  
 
The most well-known and understood process involving vitamin A is 
that of vision. Other processes include: growth and development, fertility, 
immune response, haemopoiesis, regulation of gene expression, cell 
division, cell differentiation and morphogenesis (31). 
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Diets critically low in dietary fat (under about 5–10g daily) or disease 
conditions that interfere with normal digestion and absorption leading to 
steatorrhoea (e.g. pancreatic and liver diseases and frequent gastroenteritis) 
can impede the efficient absorption of retinol and carotenoids. Retinol and 
some carotenoids enter the intestinal mucosal brush border by diffusion in 
accord with the concentration gradient between the micelle and plasma 
membrane of enterocytes. Some carotenoids pass into the enterocyte and are 
solubilized into chylomicrons without further change whereas some of the 
provitamin A carotenoids are converted to retinol by a cleavage enzyme in 
the brush border (27).  
 
Dietary restriction in energy, proteins, and some micronutrients can 
limit hepatic synthesis of proteins specific to mobilization and transport of 
vitamin A (32). Altered kidney functions or fever associated with infections 
(e.g. respiratory infections or diarrhoea) can increase urinary vit.A loss (32). 
Normally vitamin A leaves the body in urine only as inactive 
metabolites resulting from tissue utilization and in bile secretions as 
potentially recyclable active glucuronide conjugates of retinol (33). No 
single urinary metabolite has been identified which accurately reflects tissue 
levels of vitamin A or its rate of utilization. Hence, at this time urine is not a 
useful biological fluid for assessment of vitamin A nutriture (27). 
 
VAD is a major public health problem in the world (34). It can occur 
in individuals of any age. However, it is a disabling and potentially fatal 
public health problem for children under 6 years of age. VAD related 
blindness is most prevalent in children under 3 years of age (35). Women of 
reproductive age are also thought to be vulnerable to VAD during pregnancy 
and lactation because they often report night blindness and because their 
breast milk is frequently low in vitamin A. Pregnant and lactating women 
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require additional vitamin A to support maternal and fetal tissue growth and 
lactation losses (36).  
   
  It is increasingly recognized that pregnant women in developing 
countries are one of the most vulnerable groups for VAD (36). VAD is also 
known to precipitate anaemia and may cause abnormalities in iron 
metabolism (37).  Vit.A deficiency impairs the utilization of Fe and thus 
supplementation with vit.A may increase iron status as measured by 
hematological indexes (38, 39, 40). The main effect of vitamin A is to 
maintain adequate levels of Fe in plasma to supply the different body tissues, 
including the bone marrow, with proper amounts of this essential mineral. 
This may be the mechanism by which the hematopoietic tissue becomes 
favored with more available iron (38). Other vit.A studies suggested that a 
probable function of the vitamin is to mobilize Fe from storage into the 
circulation (41, 42).   
 
VAD among children in many developing countries remains the 
leading cause of preventable severe visual impairment and nutritional 
blindness. Vitamin A deficiency at levels severe enough to cause 
pathological signs such as visual impairment is referred to as clinical vitamin 
A deficiency. Even at less severe or subclinical levels, vitamin A deficiency 
is a significant contributor to severe infections and death. VAD is also likely 
to increase vulnerability to other illnesses in children such as iron deficiency 
anemia, more frequent and severe episodes of diarrhea and measles, and 
growth failure (43). Vitamin A deficiency can be considered a nutritionally 
acquired immunodeficiency disease (44). Even children who are only mildly 
deficient in vit.A have a higher incidence of respiratory disease and diarrhea, 
as well as a higher rate of mortality from infectious diseases, compared to 
children who consume sufficient vit.A (45). Supplementation with vit.A has 
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been found to decrease the severity of, and number of deaths, from measles 
in developing countries, where vit.A deficiency is common (46). 
 
In the past, non-ocular, systemic manifestations of VAD have been 
referred to as sub-clinical VAD; however, this phrase can be misleading as it 
seems to suggest that these consequences of VAD are less important. In fact, 
these physiological manifestations can be severe and are associated with an 
increase in the risk of death, which resulted in the International Vit.A 
Consultative Group (IVACG) recommending abandoning the term 
“subclinical” (47). 
 
A study conducted by Stahelin et al showed that low plasma 
concentrations of vit.A can be related to an increased cancer risk (48).  
         
Preformed vit.A is found almost exclusively in animal products, such 
as human milk, glandular meats, liver and fish liver oils (especially), egg 
yolk, whole milk, and other dairy products. Preformed vitamin A is also 
used to fortify processed foods, which may include sugar, cereals, 
condiments, fats, and oils. Provitamin A carotenoids are found in green leafy 
vegetables (e.g. spinach, amaranth, and young leaves from various sources), 
yellow vegetables (e.g. pumpkins, squash, and carrots), and yellow and 
orange non-citrus fruits (e.g. mangoes, apricots, and papayas). Red palm oil 
produced in several countries worldwide is especially rich in provitamin A 
(49). Foods containing provitamin A carotenoids tend to have less 
biologically available vit A but are more affordable than animal products. It 
is mainly for this reason that carotenoids provide most of the vit A activity 
in the diets of economically deprived populations (27).  
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Because vit.A is fat soluble and can be stored, primarily in the liver, 
routine consumption of large amounts of vit.A over a period of time can 
result in toxic symptoms, including liver damage, bone abnormalities and 
joint pain, alopecia, headaches, vomiting, and skin desquamation. 
Hypervitaminosis A appears to be due to abnormal transport and distribution 
of vitamin A and retinoids caused by overloading of the plasma transport 
mechanisms. The smallest daily supplement associated with liver cirrhosis 
that has been reported is 7500µg taken for 6 years (50). 
 
Serum retinol usually accurately predicts vit.A deficiency because it 
decreases below 20µg/dL when hepatic stores are depleted. In chronic 
inflammatory states such as cystic fibrosis, serum retinol can be depressed 
because of a decreased synthesis of RBP and increased cellular demands 
(23). 
Infectious diseases depress circulating retinol and contribute to 
vitamin A depletion. Enteric infections may alter the absorptive surface area, 
compete for absorption-binding sites, and increase urinary loss (51). Febrile 
systemic infections also increase urinary and metabolic utilization rates and 
may reduce apparent retinol stores if fever occurs frequently (52, 53). 
 
Many techniques for assessing vitamin A status have been developed 
and each has its own strengths and limitations. The most commonly used 
assessment technique is measurement of serum retinol concentrations, but 
this requires relatively expensive and sophisticated HPLC (high pressure 
liquid chromatography) equipment (24, 54, 55). Radioimmunoassay of 
serum RBP concentrations is also used as a surrogate measure for serum 
retinol (24).  
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I.3. Iron (Fe): 
          Iron (Fe), another micronutrient, is important for the formation of 
hemoglobin, myoglobin, and other enzymes such as the cytochromes, 
cytochrome oxidase, peroxidase, and catalase (56).   
 The ability of this transition metal to exist in 2 redox states makes it 
useful at the catalytic center of fundamental biochemical reactions. DNA 
synthesis, transport of oxygen and electrons, and respiration all require iron. 
The same properties that make iron useful in each of these reactions also 
make it toxic. Free iron has the ability to generate oxidative radicals that 
damage essential biologic components such as lipids, proteins, and DNA. 
(57). 
 
Iron balance is determined by the body’s iron stores, iron absorption, 
and iron loss. At least two-thirds of body iron is functional iron, mostly 
haemoglobin within circulating red blood cells, with some as myoglobin in 
muscle cells and parts of iron-containing enzymes. Most of the remaining 
body iron is storage iron existing as ferritin, which serves as a deposit to be 
mobilized when needed (58).  
 
Most of the iron in the body is present in the erythrocytes as 
haemoglobin, a molecule composed of four units, each containing one haem 
group and one protein chain. The iron-containing oxygen storage protein in 
the muscles, myoglobin, is similar in structure to haemoglobin but has only 
one haem unit and one globin chain (27). Several iron-containing enzymes, 
the cytochromes, also have one haem group and one globin protein chain . 
These enzymes act as electron carriers within the cell and their role in the 
oxidative metabolism is to transfer energy within the cell and specifically in 
the mitochondria. Other key functions for the iron-containing enzymes (e.g. 
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cytochrome P450) include the synthesis of steroid hormones and bile acids; 
detoxification of foreign substances in the liver; and signal controlling in 
some neurotransmitters, such as the dopamine and serotonin systems in the 
brain (27). 
 
Iron is not actively excreted from the body in urine or in the intestines. 
Iron is only lost with cells from the skin and the interior surfaces of the 
body— intestines, urinary tract, and airways. The total amount lost is 
estimated at 14µg/kg body weight/day (59). In children, it is probably more 
correct to relate these losses to body surface. A non-menstruating 55-kg 
woman loses about 0.8 mg Fe/day and a 70-kg man loses about 1mg/day. 
The range of individual variation has been estimated to be ±15% (27). A 
menstruating woman loses about 1.36mgFe/day, averaged over the entire 
menstrual cycle of 28 days (60). 
 
The newborn term infant has an iron content of about 250–300mg 
(75mg/kg body weight). During the first 2 months of life, haemoglobin 
concentration falls because of the improved oxygen situation in the newborn 
infant compared with the intrauterine fetus. This leads to a considerable 
redistribution of iron from catabolized erythrocytes to iron stores. This iron 
will cover the needs of the term infant during the first 4–6 months of life and 
is why iron requirements during this period can be provided by human milk, 
which contains very little iron (27). Iron requirements are very high in 
adolescents, particularly during the period of rapid growth (61).  
 
During pregnancy, women have an increased demand for iron in order 
to expand their erythrocyte mass and fulfill the iron needs of the growing 
fetus (62, 63). A major problem in maintaining iron balance in pregnancy is 
that iron requirements are not equally distributed over its duration. The 
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exponential growth of the fetus in the last trimester of pregnancy means that 
more than 80% of fetal iron needs relate to this period. Iron absorption 
during pregnancy is determined by the amount of iron in the diet, its 
bioavailability (meal composition), and the changes in iron absorption that 
occur during pregnancy (27). There are marked changes in the fraction of 
iron absorbed during pregnancy. In the first trimester, there is a marked 
decrease in the absorption of iron, which is closely related to the reduction in 
iron requirements during this period. In the second trimester, iron absorption 
is increased by about 50%, and in the last trimester it may increase by up to 
about four times the norm (27).   
 
Iron is absorbed mostly from the proximal small intestine. It requires 
low pH supplied by acidic chyme of the stomach (64). Iron is initially 
solubilized by reduction of Fe3+ to Fe2+ (65). The liver secretes moderate 
amounts of apotransferrin into the bile, which flows into the duodenum. 
Apotransferrin binds with free iron and also with certain iron compounds, 
such as hemoglobin and myoglobin from meat. This combination is called 
transferrin. It, in turn, is attracted to and binds with receptors in the 
membranes of the intestinal epithelial cells. Then, by pinocytosis, the 
transferrin molecule, carrying its iron store, is absorbed into the epithelial 
cells and later released into the blood capillaries beneath these cells in the 
form of plasma transferrin. Iron absorption from the intestines is extremely 
slow, at a maximum rate of only a few milligrams per day (56, 65).  
 
Transfer of iron from the mother to the fetus is supported by a 
substantial increase in maternal iron absorption during pregnancy and is 
regulated by the placenta (66, 67). Most iron transfer to the fetus occurs after 
week 30 of gestation, which corresponds to the time of peak efficiency of 
maternal iron absorption. Serum transferrin carries iron from the maternal 
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circulation to transferrin receptors located on the apical surface of the 
placental syncytiotrophoblast, holotransferrin is endocytosed, iron is 
released, and apotransferrin is returned to the maternal circulation. The free 
iron then binds to ferritin in placental cells where it is transferred to 
apotransferrin, which enters from the fetal side of the placenta and exits as 
holotransferrin into the fetal circulation. When maternal iron status is poor, 
the number of placental transferrin receptors increases so that more iron is 
taken up by the placenta. Excessive iron transport to the fetus may be 
prevented by the placental synthesis of ferritin (66, 68). 
 
During the third trimester of gestation, the fetus actively accumulates 
iron through the placenta to estabilish its stores to last through the first few 
months of life. For that reason premature infants are more susceptible to 
developing iron deficiency early in infancy (64). 
 Dietary iron exists in two main forms – haem and non-haem iron. 
Between 20 and 30% of haem iron is absorbed but the absorption of non-
haem iron is generally considerably less and highly dependent on a number 
of dietary constituents. Phytate, tannins and other minerals (calcium, zinc, 
copper, manganese) inhibit the absorption of iron. Animal foods (such as 
meat and liver) and ascorbic acid enhance the absorption of iron (69, 70).   
 
 Tea, coffee, and cocoa are common plant products that contain iron-
binding polyphenols. Many vegetables, especially green leafy vegetables 
(e.g. spinach), and herbs and spices (e.g. oregano) contain appreciable 
amounts of polyphenols, which strongly inhibit iron absorption as well (71). 
 
Calcium, consumed as a salt or in dairy products interferes significantly 
with the absorption of both haem and non-haem iron (64, 72), presumably 
by competing for a common transporter (64). In order to lessen this 
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interference, practical solutions include increasing iron intake, increasing its 
bioavailability, or avoiding the intake of foods rich in calcium and foods rich 
in iron at the same meal (72). 
 
Ascorbic acid is the most potent enhancer of non-haem iron absorption. 
The effect of ascorbic acid on iron absorption is so marked and essential that 
this effect could be considered as one of vitamin C’s physiological roles. 
This role should also be taken into account when establishing the 
requirements for vitamin C. Each meal should preferably contain at least 
25mg of ascorbic acid and possibly more if the meal contains many 
inhibitors of iron absorption (73, 74).  
 
Meat, fish, and seafood all promote the absorption of non-haem iron. 
The mechanism for this effect has not been determined. It should be pointed 
out that meat also enhances the absorption of haem iron to about the same 
extent. Meat thus promotes iron nutrition in two ways: it stimulates the 
absorption of both haem and non-haem iron and it provides the well 
absorbed haem iron (75).  
 
 In the human diet, the primary sources of haem iron are the 
haemoglobin and myoglobin from consumption of meat, poultry, and fish 
whereas non-haem iron is obtained from cereals, legumes, fruits, and 
vegetables (27, 70).  
 
Iron deficiency is the most common micronutrient deficiency in the 
world (76).  The most prominent manifestation of iron deficiency is anemia, 
because most of the body’s iron is used to produce red blood cell 
hemoglobin. Inadequate availability of iron and/or excessive loss of iron as a 
result of chronic bleeding typically cause iron deficiency. It may result from 
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defects in critical iron transport proteins. Interestingly, genetic defects more 
commonly lead to iron overload (64).  
 
Iron-deficiency anemia (IDA) is estimated to affect 800- 900 million 
people worldwide (77). The prevalence of iron deficiency is far greater than 
the prevalence of anemia; and iron deficiency often develops during the later 
stages of pregnancy even in women who enter pregnancy with relatively 
adequate iron stores (68).   
The most highly affected population groups in developing countries 
are pregnant women (56%), school- age children (53%), non pregnant 
women (44%), and pre school children (42%) (58).  
  
Iron deficiency being defined as an absence of iron stores combined 
with signs of an iron-deficient erythropoiesis implies that in a state of iron 
deficiency there is an insufficient supply of iron to various tissues. This 
occurs at a serum ferritin level <15µg/L (78, 79). At this point, insufficient 
amounts of iron will be delivered to transferrin, the circulating transport 
protein for iron, and the binding sites for iron on transferrin will therefore 
contain less and less iron. This is usually described as a reduction in 
transferrin saturation. When transferrin saturation drops to a certain critical 
level, erythrocyte precursors, which continuously need iron for the formation 
of haemoglobin, will get an insufficient supply of iron. At the same time, the 
supply of iron by transferrin to other tissues will also be impaired. Liver 
cells will get less iron, more transferrin will be synthesized, and the 
concentration of transferrin in plasma will then suddenly increase (78, 79). 
 
Low intake of total dietary iron, proportionate high consumption of 
non-haeme iron, poor iron absorption due to iron absorption inhibiting 
factors, such as tannins in tea and phytates in unleavened bread, were 
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identified as the common causes of anaemia, in addition to high birth rates, 
short birth intervals and concurrent parasitic infections (80, 81).  
 
 The increase in maternal dietary Fe absorption that occurs during 
pregnancy is not enough to provide the extra Fe, and the deficit must be met 
from maternal Fe stores. Once these stores are depleted, the mother will 
develop iron deficiency anemia (82). 
    
A reduction in physical working capacity has been observed in human 
populations with longstanding iron deficiency, with an improvement in 
working capacity in these populations after iron administration. This 
negative effect seems to be less related to the degree of anaemia than to 
impaired oxidative metabolism in the muscles with an increased formation 
of lactic acid (83). 
 
The negative effect of iron deficiency on the brain function and 
development is also observed (84–88). 
 
Iron deficiency also negatively influences the normal defense systems 
against infections. In animal studies, the cell-mediated immunologic 
response by the action of T-lymphocytes is impaired as a result of a reduced 
formation of these cells. In addition, the phagocytosis and killing of bacteria 
by the neutrophil leukocytes is an important component of the defense 
mechanism against infections. These functions are impaired in iron 
deficiency as well (89). The impairment of the immunologic defense against 
infections that was found in animals is also regularly found in humans. 
Administration of iron normalizes these changes within 4–7 days (27, 68). 
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 During pregnancy iron deficiency results in anemia, which may 
increase the risk of death from hemorrhage during delivery (90) and causes 
adverse birth outcomes (91). Maternal iron deficiency anemia is known to 
have deleterious consequences with regard to infant growth and 
development (92). It is associated with risk of preterm delivery and 
subsequent low birth weight and may contribute to low iron status in the 
infant. It was suggested that anemia and iron depletion that occur very early 
in gestation could influence birth outcomes differently than if they occurred 
later in pregnancy (68, 93, 94). The results of several studies are consistent 
with an association between maternal iron deficiency anemia in early 
pregnancy and a greater risk of preterm delivery (68, 95, 96, 97). Trials that 
included large numbers of iron-deficient women showed that iron 
supplementation improved birth weight (98).  
 
The serum total iron-binding capacity (TIBC) indicates the maximum 
amount of iron needed to saturate plasma or serum transferrin (TRF), which 
is the primary iron-transport protein (99, 100). Theoretically, 1 mol of TRF 
[average molecular mass, 79 570 Da] can bind 2 mol of iron (55.8 Da) at 
two high-affinity binding sites for ferric iron (101).  Therefore, TIBC 
correlates well with TRF concentration, and the theoretical ratio of TIBC (in 
µmol/L) to TRF (in g/L) is 25.1; and hence TIBC (µmol/L) =25.1 X TRF 
(g/L) (102, 103).  
 
Determination of TIBC is one of several commonly used assays in the 
assessment of iron status. Usually, only about 30% of the available serum 
iron-binding sites are occupied, and changes in the ratio of serum iron to 
TIBC reflect changes in the body iron stores (100, 104). Clinically, TIBC 
determinations are useful in the diagnosis of iron-deficient anemia (100) and 
as a screening test in suspected cases of hereditary hemochromatosis, a 
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common genetic disorder that causes chronic iron overload and severe health 
problems if untreated (105, 106). 
 
The absence of iron stores (iron deficiency) can be diagnosed by 
showing that there is no stainable iron in the reticuloendothelial cells in bone 
marrow smears or, more easily, by a low concentration of ferritin in serum 
(<15µg/l) (107). At present, clinicians rely on the serum ferritin level to 
determine the adequacy of iron stores and on the hemoglobin concentration 
to identify advanced iron deficiency (108).  
 
During the development of iron deficiency haemoglobin concentration, 
transferrin concentration, transferrin saturation, transferrin receptors in 
plasma, erythrocyte protoporphyrin, and erythrocyte indexes are changed. 
All these indicators, however, show a marked overlap between normal and 
iron deficient subjects, which makes it impossible to identify the single 
subject with mild iron deficiency by looking at any single one of these 
indicators. Therefore, these tests are generally used in combination (27).   
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I.4. Zinc 
Zinc (Zn) is present in all organs, tissues, and fluids of the body. The 
skin and appendages are rich in zinc: containing approximately 20% of the 
body’s total (109). Approximately 99% of the total body’s zinc is 
intracellular. In plasma, zinc is almost completely protein bound (110). 
  
Zinc is an essential element for higher animals including human, it 
mediates growth of various cells by its effect on insulin like growth factor 
I(IGF1), it is essential for the synthesis of  nucleic acids and proteins,(cell 
division, development and differentiation); it plays major role in  brain 
maturation and  function; and by improving absorption of folic acid, it may 
have a preventive role against several congenital anomalies including those 
related to folate deficiency like cranio-spinal anomalies rather than those 
directly related to zinc deficiency (111, 112, 113). 
 
Zinc is an important constituent of several enzymes mainly carbonic 
anhydrase and alkaline phosphatase, in the organic matrix (114).  It is a 
cofactor for the synthesis of a number of enzymes, DNA and RNA (115). 
Zinc plays a structural role in the bone matrix and is an essential cofactor of 
enzymes involved in the synthesis of various bone matrix constituents. As 
zinc stimulates bone formation and inhibits bone resorption, adequate status 
is necessary for the preservation of the bone matrix and to help prevent 
osteoporosis in later life (69).  
 
Zinc also plays a central role in the immune system, affecting a 
number of aspects of cellular and humoral immunity and it maintains the 
integrity of biological membranes (116).  
The following foods are good sources for zinc: Lean red meat, beef, 
lamb, eggs, seafood, whole grains, nuts and yogurt (27, 110).  
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Zinc is absorbed in the jejunum and ileum; to improve its absorption 
oral zinc must contain zinc with methionine (Zn Met) and vitamin B6 (110, 
117, 118).  
  
Absorption of zinc is around 20 to 40 percent of dietary intake, 
increasing when zinc intake is low. Absorption also depends on the food 
source. More zinc is available from animal sources as these high protein 
foods contain amino acids which bind zinc and make it more soluble. Zinc 
from vegetables, fruits and cereals is less well absorbed as these foods 
contain compounds such as phytates and oxalates which binds zinc and 
reduces the amount available for absorption. Zinc absorption decreases with 
age. People over 65  may absorb half as much zinc as those between 25 and 
30 years old. Zinc is combined in the intestines with picolinic acid which is 
secreted by the pancreas. This compound requires vitamin B6 for 
production. Zinc-picoline complex is transported across the absorptive cells 
of intestine, then to the liver where some is stored (119, 120, 121). 
 
Calcium can retard zinc absorption, so calcium and zinc supplements 
should be taken at different times of the day (72, 110).  
 
Excretion of zinc is mainly via feces but some is lost in urine, sweat 
and by desquamation of epithelial cells (27, 122).  
Zinc deficiency was noticed for first time in 1940 in malnourished 
Chinese adults,   three decades later in adolescent farmers from Iran and 
Egypt; eventually following its deficiency description in various age groups 
of many countries considered a significant public health problem (111, 112). 
Zinc deficiency is now recognized as a public health problem (123). 
Clinical symptoms attributed to chronic zinc deficiency include impaired 
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immunofunction, increased susceptibility to infections, poor wound healing, 
persistent skin disorders, poor growth and male infertility (124, 125).   
  
 Several studies globally have documented relationships between low 
zinc concentrations during pregnancy and low birth weight, suggesting that 
there is a threshold for serum zinc concentration below which adverse 
pregnancy outcome increases significantly (126–129].  
   
 Growth hormone (GH) is a key hormone for growth and development. 
And zinc is also known to affect GH metabolism. Marginal zinc deficiency, 
as a consequence of inadequate zinc intake, causes growth retardation. 
Yoshikazu, 2001 reported a case of boy with partial GH deficiency due to 
chronic mild zinc deficiency. When zinc administration was started, his 
growth rate, GH levels and plasma zinc concentrations increased 
significantly (130). Indeed zinc has close interrelationships with endocrine 
system, and is essential for normal growth, reproductive function, thyroid 
function and favorable glucose metabolism (131). Zinc is an essential 
nutrient for normal embryogenesis (132) 
 
During pregnancy, zinc deficiency is associated with complications of 
pregnancy and birth outcomes (133, 134). Lower zinc intakes have been 
associated with preterm delivery (135). Some studies found lower maternal 
plasma zinc to be a risk factor for congenital malformations (136, 137). Zinc 
deficiency in pregnant women is suspected to increase the risk of obstetric 
complication such as post-partum hemorrhage due to atonic uterus, and also 
the risk of congenital lip and palate deformities (138). 
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Dietary surveys suggest that many individuals fail to achieve the 
dietary reference value for zinc. This is particularly common amongst older 
people (69). 
Using estimated usual intakes reported in the literature (139) and the 
estimated distribution of zinc required by women to meet their normative 
needs during pregnancy, Caulfield et al., 1998 have derived that 82 % of the 
pregnant women worldwide are likely to have inadequate usual intakes of 
zinc (140). 
  
During pregnancy there is an elevated requirement for zinc, due to its 
critical role in the growth and development of the fetus and maternal tissue 
accretion (141). During the third trimester, the physiological requirement of 
zinc is approximately twice as high as that in women who are not pregnant 
(142). These increased zinc needs could be met by an increase in zinc intake 
or by adjustments in zinc homeostasis. Because women do not typically 
increase their zinc intake during pregnancy and lactation, adjustments in zinc 
absorption, excretion, tissue distribution, or all must occur to meet these 
greater demands for zinc (143). 
 
 Maternal plasma zinc levels decline during gestation to a plateau in the 
third trimester and may be difficult to interpret unless sampling time, 
laboratory methods and the underlying zinc status of the population are 
accounted for (136). 
  
Very little zinc is required to prevent congenital anomalies. In rats, the 
addition of only 1mg Zn/L drinking water, to provide a total dietary zinc 
intake of <2.5 mg/g, eliminated all overt signs of developmental defects 
(126).  
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Serum zinc is the most widely used index of zinc status in humans. 
Serum zinc is measured by several methods including the flame atomic 
absorption spectrometry (FAAS), but it has disadvantages of high costs, high 
matrix effects and expensive equipment. Spectrophotometric method 
however, has the advantage of low cost of equipment  and procedures are 
suitable for clinical and laboratory investigations even in small laboratories    
(144). 
 
Studies about the micronutritional status of Yemeni mothers and its 
effects and relation to their newborns are few: Alsaqaaf, 2002 studied 
anaemia among Yemeni females, he found that iron deficiency anaemia was 
the most common cause of anaemia in pregnant Yemeni females, accounting 
for about 84.5% of total anemic pregnant females (145).  Fadhel, 2003 
studied maternal anaemia in relation to neonatal birth weight in Aden city; 
she found that 83.4% of the pregnant women included in her study were 
anaemic; and the percentage of low birth weight among the anemic mothers 
was 13.4% (146). 
 
 Administrative Committee on Coordination/Sub-Committee on 
Nutrition (ACC/SCN), 2000 reported that the prevalence of anaemia among 
pregnant women in developing countries was 56% (58). Allen, 2000 
reported that the prevalence of anaemia among pregnant women in 
developing countries, was from 35% to 75% (56% on average) and he stated 
that the prevalence of iron deficiency is far greater than the prevalence of 
anaemia (68). A study conducted in India reported that 87% of the pregnant 
women were found to be anaemic, with Hb less than 11g/dL (147). 
 
Raja et al., 2001 stated that diet is a major contributing factor to the 
high prevalence of iron deficiency anaemia in the Republic of Yemen. 
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Access to iron-rich foods is limited in poor families. Furthermore, the 
absorption of iron is inhibited by polyphenols in tea, and drinking tea with 
meals is a common habit in the country (148). 
 
So, there is a need for further studies on micronutritional status of 
Yemeni mothers and its effects and relation to their newborns. 
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OBJECTIVE OF THE WORK 
A. General Objectives 
General objectives of this study are: 
1- To assess socioeconomic state, life style and dietary habits and 
reproductive health characteriscs of Yemeni pregnant women. 
2- To study the levels of serum iron, total iron binding capacity (TIBC), 
ferritin, zinc and vitamin A of Yemeni pregnant women and their 
newborn babies and their relations. 
B. Specific Objectives 
Specific objectives of this study are: 
1- To assess micronutritional status of vit.A, iron, and zinc of Yemeni 
pregnant women and their newborns. 
2- To evaluate the relationship of maternal micronutrient serum level to 
that of their newborns. 
3- To assess the relationship of maternal micronutritional status to the 
outcome of pregnancy. 
4- To study the relationship between socioeconomic status                 
(e.g. eating habits, poverty) and micronutrients level. 
 
 
 
 
Materials & Methods 
26 
 
CHAPTER TWO 
MATERIALS & METHODS 
II-1- Study Design:  
          This is a descriptive cross sectional study that was carried on 184 
subjects, 92 Yemeni pregnant women coming for delivery to Al-Sabeen 
referral hospital and their newborns. Al-Sabeen is the main governmental 
referral hospital for maternity and childhood in Sana’a city-Yemen.  
 
II-2- Inclusion Criteria: 
  Yemeni pregnant women coming to Al-sabeen referral hospital (in 
Sana’a city, Yemen) for delivery during the period of the study, and their 
newborns. The subjects were selected randomly. 
     
II-3- Exclusion Criteria: 
    - Pregnant women who had chronic infectious or blood diseases. 
    - Pregnant women who had chronic diseases (DM, hypertension, cardiac, 
renal and liver diseases). 
    - Presence of malarial infections. 
    - Patients with any obstetrical abnormalities or diseases complicating 
pregnancy. 
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II-4- Methods and Materials 
After explanation of the nature of the study for the subjects and their 
consent, they were submitted for the following procedures: 
 
II-4-1) Questionnaire: 
  Identification data, socioeconomic and dietetic history as well as 
present, and past medical history were taken through a designed 
questionnaire.  
 
II-4-2) Clinical Examinations: 
Complete physical examination was performed for mothers.  
At the delivery: 
a- Birth events were assessed (including duration of pregnancy, 
progress and type of labor; and pre or post partum hemorrhage).  
b- The newborns were assessed for birth weight and the Apgar 
score; and for congenital anomalies.   
 
II-4-3) Laboratory investigations: 
      Blood samples (7.5mL) were collected from antecubital vein of the 
mothers using non heparinized tube-syringes at the time of her representing 
to delivery room. Cord blood was taken from the maternal end of the 
umbilical cord at delivery room (8). Two and a half mL was put in an 
ethylenediaminetetraacetate (EDTA) vacutainer and 5mL of the sample was 
put in a trace element-free vacutainer without anticoagulant. The first sample 
was analyzed for hemoglobin. Serum was separated from the second sample 
using trace element free techniques (149). Each serum sample tube was 
wrapped with foil then with labeled sticker and transferred to the rack in an 
ice box. The samples were then stored at –20C0 until analysed (150).        
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Serum samples were then transported to the laboratory in the National 
Centre for Researches in Cairo city-Egypt in coolers fitted with frozen ice 
packs and analyzed for vitamin A, zinc, serum iron, iron-binding capacity, 
and ferritin concentration.  
 
Zinc: 
FAR kit for zinc determination calorimetrically in serum was used 
without deproteinization according to Makino et al., 1982 (151). 
Principle: 
In the presence of 5-Br-PAPS, zinc forms a colored compound whose 
color intensity is proportional to the zinc concentration present in the 
sample. Any interference due to other trace elements present in the sample is 
eliminated by applying some particular reaction conditions (151). 
Reference values: 68.0- 107.0 µg/dL (10.4- 16.4µmol/L)     
 
Iron: 
Serum iron was determined calorimetrically according to (152, 153) 
using ELITech Kit (France), by colorimetric-chromazurol B method.  
Principle: 
Serum iron reacts with chromazurol B and acetyltrimethyl ammonium 
bromide to form a colored complex. The intensity of the color is 
proportional to the iron concentration (152, 153). 
Reference values: Newborn = 100 – 250µg/dL (17.9 – 44.8 µmol/L).  
                 Women = 50 – 170 µg/dL (9.0 – 30.4µmol/L).     
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Total iron-binding capacity (TIBC): 
Total iron binding capacity (TIBC) corresponding to the maximum 
amount of iron that plasma can bind was determined calorimetrically using 
ELITech Kit (France), according to (152, 153, 154) by 
saturation/precipitation method. 
Principle: 
 First transferring iron binding sites are saturated by reagent R1 (iron 
saturating solution 520 µg/dL). Then the iron in excess reacts with 
magnesium carbonate (reagent R2) to give an insoluble complex which is 
eliminated by centrifugation. Total iron binding capacity (TIBC) is obtained 
by measuring the iron concentration in supernatant using a reagent for 
determination of iron in serum (152, 153, 154).   
Reference values: 250 – 450 µg/dL (44.8 – 80.6 µmol/L)     
 
Ferritin: 
Ferritin concentration was determined using a microplate 
immunoenzymatic assay (ELISA) according to (155, 156, 157).    
Principle:   
 Patient specimen is first added to a streptavidin coated well.  
Biotinylated monoclonal antiferritin antibody is added and the reactants 
mixed. Reaction results between biotinylated ferritin antibody and native 
ferritin forming an immune complex that is deposited on the streptavividin 
coated well. The excess serum proteins are washed away via a wash step 
with a wash solution containing a surfactant in a buffered saline. Another 
ferritin specific antibody, labeled with an enzyme, is added to the wells. The 
enzyme labeled antibody binds to the ferritin already immobilized on the 
well. Excess enzyme is washed off via another wash step. A color is 
generated by the addition of a substrate. The intensity of the color generated 
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is directly proportional to the concentration of the ferritin in the sample (155, 
156, 157).  
Reference values: Newborn = 22.0 – 220.0 ng/mL.  
                          Women = 10.0 – 124.0 ng/mL.  
  
Vitamin A: 
Serum retinol (vitamin-A) was measured by high pressure liquid 
chromatography (HPLC) by the method of Arroyave et al., 1982 (158). The 
sample was deproteinized with ethanol and the lipid was extracted with 
hexane and dried under nitrogen. The residue was dissolved in 300 µl of 
mobile phase (50 ml ethanol: 50 ml acetonitrile + 0.1 ml triethylamine) for 
HPLC injection.  C18 chromatographic column was used, flow rate at 
1ml/min and photo diode array detector at 325nm (158). 
Cut off values for both mothers & newborns = 20µg/dL (23, 158).  
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II-4-4) Data Analysis and Presentation 
  
All data collected throughout history and laboratory investigations 
were coded and entered into the computer and analyzed with SPSS version 
16. 
  Univariate and multi-variate analysis; Pearson correlation coefficient 
and chi-square were used to analyze the data.  
 
Paired samples statistic was done using independent samples t-test. 
Results were expressed as mean ± standard deviation (mean ± SD). 
Statistical correlations were also done to test the paired samples correlations 
using Pearson Coefficient for numerical values. Results were expressed as 
correlation coefficient (r) and statistical significance of the relationship at 
95% confidence interval (p< 0.05). Statistical tests for frequencies and 
percentages were done for categorization of biochemical data according to 
different cut-off points of the parameters.  
 
Categorical data was also interpreted using Pearson Chi-Square tests 
for the relationship between maternal and newborn parameters. This was 
expressed as frequencies and percentages. Significance of the relationship at 
95% confidence interval (p< 0.05). 
 
Tables and graphs were used for data presentation according to need.  
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CHAPTER THREE 
III. RESULTS 
 
 This study was designed to determine the micronutritional status of 
Yemeni pregnant women and its effects on the outcomes of pregnancy. 
This included iron, zinc and vitamin A.  Results were classified into two 
major sections according to the study objectives: a) socioeconomic state, 
habitual and dietetic styles and reproductive health characteristics 
influencing the pregnant women and their newborns and b) levels of 
hemoglobin, serum iron, total iron binding capacity (TIBC), ferritin, zinc 
and vitamin A of mothers and their newborn babies and their 
interrelationships.  
 
III.1. Socioeconomic state, Habitual and Dietetic Styles and 
Reproductive Health characteristics: 
III.1.1. Socioeconomic state, Habitual and Dietetic Style 
characteristics: 
 The study included 92 Yemeni pregnant women coming for 
delivery at Al-Sabeen referral hospital during the period of study and 
their newborns. The age of the mothers ranged from 18- 40 years with a 
mean of 25.96 years; the majority (n= 77, 83.7%) of them were in the 
range of 20- 34years (Figure1). However twenty two (23.91%) of the 
mothers had married before the age of 18 years (Fig 2). Maternal age of 
marriage was not significantly related to their newborns' parameters 
(Table 1) 
 Most of the mothers (n=84, 91.3%) resided in urban areas of 
Sana'a city, while only (n = 8, 8.7%) lived in the peripheries of urban 
areas (Figure 3). 
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 Regarding occupation, figure 4 shows that most of the mothers 
(n=84, 91.3%) were housewives, while only 3.26%, were employees,  
2.17% were teachers and similar number were free workers and one was 
a student. Figure 5 shows that most of the husbands (51.09%) were 
employees.  
 
 Total incomes of the families ranged between 30,000 to 100,000 
YR with a mean of 47,766.67± 19, 512.053YR. Most of the families 
(n=61, 66.3%, Fig 6) had low income   according to Government of 
Yemen, World Bank and UNDP report 2007 (159), with few (n= 29, 
31.5%) of moderate income; we didn't find families with high income. 
Total incomes of the families were not significantly related to maternal 
biochemical parameters (Table 2) or to their newborns' biochemical 
parameters (Table 3).   
  
 The educational state of the mothers is shown in Fig 7. The 
majority (n=32, 34.78%) were illiterate, (n=26, 28.26%) of the mothers 
had primary education, (n= 14, 15.22%) just read and write, (n= 13, 
14.13%) had secondary education and few (n= 7, 7.61%) had higher 
education. Table 4 shows that there was no significant correlation 
between maternal educational state and their biochemical parameters. 
Table 5 shows that there was significant correlation between maternal 
educational state and their newborns' serum zinc level (p= 0.029) but not 
significantly related to the other newborns' biochemical parameters.  
 
 Classification of mothers according to qat-chewing habit is shown 
in Figure 8. Most of the mothers (n = 62, 67.39%) do not practice this 
habit; 23.91% of mothers chew qat weekly and only few (n=8, 8.70%) 
chew qat daily. Table 6 shows that maternal qat-chewing was 
significantly related to their serum iron (p= 0.018) and zinc level (p= 
Results 
34 
 
0.015); but not correlated significantly to the other maternal biochemical 
parameters. Table 7 shows that maternal qat-chewing was not 
significantly related to their newborns' biochemical parameters.    
 
 Tobacco use was rare among mothers; as shown in figure 9, only 
two mothers (n=2, 2.18%) use tobacco, while the majority (n=90, 
97.83%) do not use it.  
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III.1.2. Dietetic Style characteristics: 
 Distribution of mothers according to frequency of different foods 
taken is shown in Table 8. Seventy four mothers (80.43%) had 2-3 full 
meals daily, while 18 (19.57%) use more than 3 meals daily. High energy 
protein-poor foods like bread and rice were taken more frequently by 
mothers, 79 (85.87%) of them take bread containing meals 2-3 times 
daily. Beans were taken 2-3 times daily by 49 (53.26%) mothers, while 
59 (64.13%) mothers take dairy products once daily. Animal protein rich 
foods such as meat, chicken, and eggs were used weekly by most 
mothers, meat being the least frequently used one. Thirty two mothers 
(34.78%) didn't take fish at all, while 59 (64.13%) of them took fish once 
weekly. Servings of vegetables were taken once daily by 89 (96.74%) 
mothers, while fruits were taken once weekly by 50 (54.35%) mothers. 
Liver and kidneys were found to be the least frequently used food, 57 
(61.96%) mothers didn't take it at all. The majority of mothers (n= 84, 
91.30%) were used to drink coffee once daily (Table 8). 
  
 Seventy three mothers (79.35%) were used to drink tea with or 
immediately after meals, while 19 (20.65%) were not used (Figure 10). 
Table 9 shows relation of maternal use of tea to the maternal and their 
newborns' biochemical parameters. It was significantly related to 
mothers' hemoglobin level (p= 0.016), to mothers' serum iron (p= 0.033) 
and newborns' serum vit.A level (p = 0.01). Maternal use of tea was not 
correlated significantly to the other maternal or their newborns' 
biochemical parameters.  
 
 Vitamins and mineral supplements were used during pregnancy 
by36.96% (n=34) of the mothers; the rest of them used nothing (Figure 
11). 
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 Only eleven mothers (11.96%), Figure 12, used medications during 
pregnancy mainly during the first and second trimesters in the form of 
antibiotics for UTI or tonsillitis or drugs for abortions. 
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III.1.3. Reproductive Health characteristics: 
 Number of pregnancies among the mothers ranged between 1 and 
10. Most of the mothers (n=59, 64.13%) were either primigravidae or 
para two; while 20.65%(n = 19) had pregnancies 3- 5 times; and 14 
mothers (15.22%) were multigravida of more than 5 times (Figure 13). 
Table 10 shows that number of pregnancies was significantly related to 
maternal serum iron level (p= 0.04); but not correlated significantly to the 
other maternal biochemical parameters. Table 11 shows that maternal 
number of pregnancies was also significantly related to their newborns' 
hemoglobin levels.         
 
 Seventy five percent of mothers had no history of abortions, while 
19 (20.65%) had history of abortions once; two mothers (2.17%) aborted 
twice and another two mothers aborted three times (Figure 14).  
 
 Spacing between births ranged between minimal period of ten 
months to maximal period of 7 years (Table 12). Most of the mothers 
(40.58%), had spacing period of 2 to 3 years; 33.33% of mothers spaced 
by more than three years, while birth spacing time of less than two years 
were encountered only among 26.1% of them. Table 13 shows that 
spacing between births was not significantly related to gestational age or 
newborn’s birth weight.           
 
III.1.4. Pregnancy Outcomes: 
 Eighty eight (95.65%) of the pregnancies had cephalic 
presentations at delivery, 3 (3.26%) were presented by breach and only 
one case was presented by face (Figure 15). Table 15 shows that 
presentation of pregnancy at delivery was not significantly related to 
maternal biochemical parameters.  Table 16 shows that progress of 
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delivery was not significantly related to maternal biochemical 
parameters.          
 Figure 16 shows the duration of pregnancies, 88 (95.65%) were 
full term pregnancies (38-40weeks), while 4 (4.35%) pregnancies ended 
before term. Table 17 shows that duration of pregnancy was not 
significantly related to maternal biochemical parameters.          
Eighty nine mothers (96.74%) delivered pervaginally, while only three 
mothers delivered by cesarean section (CS) (Figure 17).  
 
 The mean of the newborns' weight was 2.8kg ±0.47. Most of the 
newborns (n=75, 81.52%) were with birth weight of 2.5kg or more, while 
few (n= 17, 18.48%) of them weighed less than 2.5kg at birth (Figure 
18). Pearson correlations were done to study the relation between 
estimated maternal biochemical parameters and their newborns' birth 
weight. Table 18 shows that newborns' birth weight was significantly 
related to their mothers' hemoglobin level (p= 0.008) and serum zinc 
level (p = 0.033). Birth weight was not correlated significantly to the 
other maternal biochemical parameters.  
 
 Neonatal assessment revealed that most of the newborns (n=90, 
97.83%) were normal with Apgar scoring more than 5, only two  were 
with Apgar score of less than 5 (Figure 19). 
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III.2. Biochemical and Hematological Data: 
 Levels of hemoglobin, and different biochemical parameters 
(serum iron, total iron binding capacity (TIBC), ferritin, zinc and vitamin 
A) of mothers and their newborn babies were determined. Results were 
expressed to give the general prevailing levels and their 
interrelationships. 
  
III.2.1. Hemoglobin:  
 The mean hemoglobin concentration (g/dL) of mothers was 11.78 
± 1.32, and that of their newborns was 14.69 ± 1.25 (Table 19).  Sixty 
seven mothers (72.8%) had normal hemoglobin content, while 25 
(27.2%) were anaemic (Fig 20 and Table 20). Cut off values were 11g/dL 
for mothers (58) and 14g/dL for neonates (160). Table 21 shows that 
there was a significant relation (p= 0.000) between mothers' and their 
newborns' hemoglobin levels. Table 14 shows that there was a significant 
relation between maternal Hb and age of their marriage (p= .027).   
  
 
III.2.2. Serum Iron (SFe): 
   Mean serum iron (µg/dL) for the mothers was 61.46 ± 45.60; while 
that of their newborns was 99.75 ± 48.77 (Table 19). Forty four mothers 
(50%) had serum iron levels of less than normal range, 40 mothers 
(45.45%) had normal serum iron, while only 4 (4.55) had higher than 
normal. Cut off values for newborn = 100 – 250µg/dL (17.9 – 44.8 
µmol/L); women = 50 – 170 µg/dL (9.0 – 30.4µmol/L) (152, 153). Serum 
iron levels were normal in 44 (53.01%) babies and were less than normal 
range in 39 (46.99%) of them (Table 20). Table 21 shows that there was a 
significant relation (p= 0.000) between mothers' and their newborns' 
serum iron levels.  
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III.2.3. Serum Total Iron Binding Capacity (TIBC): 
  Mean serum TIBC (µg/dL) for the mothers was 468.40 ± 318.84, 
while that of their newborns was 309.81± 152.17 (Table 19). Cut off 
values for both mothers & newborns = 250 – 450 µg/dL (44.8 – 80.6 
µmol/L) (152, 153, 154).  Thirty five mothers (41.18%) had serum TIBC 
levels more than normal range, 27 mothers (31.76%) had normal, while 
23 mothers (27.06%) had serum TIBC levels less than normal range. 
Serum TIBC levels were less than normal in 35 (44.30%) newborns; 
within the normal range in 32 (40.51%) of them and more than normal 
range in 12 (15.19%) babies (Table 20). Table 21 shows that there was a 
significant relation (p= 0.003) between mothers' and their newborns' 
serum TIBC levels.    
  
III.2.4. Serum Ferritin concentration (SF):  
The mean serum ferritin (ng/dL) for the mothers was 26.57 ± 
30.43, while that of their newborns was 127.65 ± 60.35 (Table 19). Cut 
off values for newborn = 22.0 – 220.0 ng/mL; women = 10.0 – 124.0 
ng/mL (155, 156, 157). 
 
Fifty nine mothers (67.82%) had normal serum ferritin levels, 26 
mothers (29.89%) had less than normal, and only two mothers (2.3%) 
had serum ferritin levels higher than normal range. Serum ferritin levels 
were within the normal range in most of the newborns (n = 76, 93.83%); 
were less than normal in three (3.7%) of them and more than normal 
range in two (2.47%) newborns (Table 20).  Table 21 shows that there 
was a significant relation (p= 0.007) between mothers' and their 
newborns' serum ferritin levels.      
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III.2.5. Serum Zinc (SZn): 
  The mean serum zinc (µg/dL) for the mothers was 68.57 ± 21.81, 
while that of their newborns was 65.05 ± 20.04 (Table 19). Cut off values 
for both mothers & newborns = 68.0- 107.0 µg/dL (10.4- 16.4µmol/L) 
(151).  
 Mothers' zinc status was higher than their newborns. Fifty four 
mothers (60.67%) had normal serum zinc levels, 30 mothers (33.71%) 
had less than normal, and only 5 mothers (5.62%) had serum zinc levels 
higher than normal range.  Serum zinc levels were within the normal 
range in 45 (53.57%) of the newborns; less than normal in 37 (44.05%) 
of them, and more than normal range in two (2.38%) newborns (Table 
20). Table 21 shows that there was a significant relation (p= 0.000) 
between mothers' and their newborns' serum zinc levels.      
 
III.2.6. Serum Vitamin A (SVit.A): 
  The mean serum vit.A (µg/dL) for the mothers was 48.30 ± 20.42, 
while that of their newborns was 34.41 ± 9.54 (Table 19).  Cut off values 
for both mothers & newborns = 20µg/dL (23, 158). 
 Twenty nine mothers (96.67%) had normal serum vit.A levels, and 
only one mother (3.33%) had serum vit.A levels less than normal range. 
Serum vit A levels were within the normal range in 29 (96.67%) of the 
newborns, and only one newborn (3.33%) had serum vit.A levels less 
than normal range (Table 20). Table 21 shows that there was a significant 
relation (p= 0.013) between mothers' and their newborns' serum vit.A 
levels.      
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FIGURES 
Figure 1) Classification of mothers according to age 
 
 
 
 
Figure 2) Classification of mothers according to the age of marriage (Yrs) 
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Figure 3) Classification of mothers according to the living area 
  
 
 
 
Figure 4) Classification of mothers according to the occupation 
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Figure 5) Classification of mothers according to husbands' occupation 
 
 
 
 
Figure 6) Classification of mothers according to total income of the family 
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Figure 7) Classification of mothers according to the educational state 
 
 
 
Figure 8) Classification of mothers according to qat chewing habit 
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Figure 9) Classification of mothers according to tobacco use 
  
 
Figure 10) Classification of mothers according to use of tea with or 
immediately after meals 
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Figure 11) Intake of vitamins and supplements during pregnancy 
 
 
 
Figure 12) Medications intake during pregnancy 
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Figure 13) Classification of mothers according to the number of 
pregnancies
 
 
 
 
 
Figure 14) Classification of mothers according to the number of abortions 
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Figure 15) Presentation at delivery 
 
 
 
 
 
Figure16) Duration of pregnancy 
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Figure 17) Type of delivery 
 
 
 
 
 
Figure 18) Distribution of newborns according to birth weight 
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Figure 19) Classification of newborns according to Apgar score 
  
 
 
Figure 20) Classification of mothers according to Hb levels 
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TABLES 
 
 
Table 1) Relationship of maternal age of marriage & newborns’ parameters 
 
Newborn parameters 
Age of Marriage 
Chi-
square 
P-
value 
< 18 18+ Total 
n % n % n % 
Serum Zinc 
Newborn  
Low 9 42.9 28 44.4 37 44.0 
.742 .690Normal 12 57.1 33 52.4 45 53.6 
High 0 0 2 3.2 2 2.4 
Total 21 100 63 100 84 100 
SerumIron 
Binding Capacity 
Newborn  
Low 10 52.6 25 41.7 35 44.3 
2.030 .362Normal 8 42.1 24 40.0 32 40.5 
High 1 5.3 11 18.3 12 15.2 
Total 19 100 60 100 79 100 
SerumIron 
Newborn   
Low 12 57.1 27 43.5 39 47 
1.164 .281
Normal 9 42.9 35 56.5 44 53 
High 0 00 0 00 0 00 
Total 21 100 62 100 83 100 
Serum Vitamin A 
Newborn  
Low 0 0 1 5.0 1 3.3 
.517 .472Normal 10 100.0 19 95.0 29 96.7 
Total 10 100 20 100 30 100 
Serum Ferritin 
Conc Newborn  
Low 1 5.0 2 3.3 3 3.7 
.780 .677Normal 19 95 57 93.4 76 93.8 
High 0 0 2 3.3 2 2.5 
Total 20 100 61 100 81 100 
Hb Newborn Low 4 18.2 9 12.9 13 14.1 .391 .532
Normal 18 81.8 61 87.1 79 85.9 
Total 22 100 70 100 92 100 
Newborn Weight Low 5 22.7 12 17.1 17 18.5 
.347 .556Normal 17 77.3 58 82.9 75 81.5 
Total 22 100 70 100 92 100 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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Table 2) Relationship of total Income and maternal Hb, serum iron, zinc and 
vit.A  levels 
 
 
         Parameters 
Total Income 
Chi-
square 
P-
valueLow Moderate Total 
N  % N  % N  % 
Hb mother  Low 15 24.6 9 31.0 24 26.7 
.42 .518Normal 46 75.4 20 69.0 66 73.3 
Total 61 100.0 29 100.0 90 100.0 
Serum vitamin A 
mother  
Low 1 5.6 0 .0 1 3.3 
.69 .406Normal 17 94.4 12 100.0 29 96.7 
Total 18 100.0 12 100.0 30 100.0 
Serum iron mother  Low 28 48.3 16 57.1 44 51.2 
.62 .733
Normal 27 46.6 11 39.3 38 44.2 
High 3 5.2 1 3.6 4 4.7 
Total 58 100.0 28 100.0 86 100.0 
Serum zinc mother  Low 19 32.2 11 37.9 30 34.1 
.48 .785
Normal 37 62.7 16 55.2 53 60.2 
High 3 5.1 2 6.9 5 5.7 
Total 59 100.0 29 100.0 88 100.0 
* The Chi-square statistic is significant at the P ≤0.05 level. 
 
N.B.: We excluded two mothers from calculation of the total income because they couldn’t 
determine their income, one of the husbands was a student, the other was looking for the job; 
both families live with the husband’s larger family and on their expense.  
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Table 3) Relationship of total income and the newborns' Hb, serum iron, zinc 
and vit.A  levels  
         
 
         Parameters 
Total income  
Chi-
square 
P-
value
low moderate Total 
N % N % N % 
Newborn weight  low 12 19.7 5 17.2 17 18.9 
.08 .783normal 49 80.3 24 82.8 73 81.1 
Total 61 100.0 29 100.0 90 100.0 
Newborn Hb low 7 11.5 6 20.7 13 14.4 
1.35 .245normal 54 88.5 23 79.3 77 85.6 
Total 61 100 29 100 90 100 
Serum vitamin A 
newborn  
low 1 5.6 0 .0 1 3.3 
.69 .406normal 17 94.4 12 100.0 29 96.7 
Total 18 100.0 12 100.0 30 100.0 
Serum iron 
newborn  
low 26 49.1 12 42.9 38 46.9 
.28 .595
normal 27 50.9 16 57.1 43 53.1 
high 0 .0 0 .0 0 .0 
Total 53 100.0 28 100.0 81 100.0 
Serum zinc 
newborn  
low 23 41.1 13 48.1 36 43.4 
.76 .684
normal 32 57.1 13 48.1 45 54.2 
high 1 1.8 1 3.7 2 2.4 
Total 56 100.0 27 100.0 83 100.0 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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* The Chi-square statistic is significant at the P ≤0.05 level. 
 
Table 4) Relationship of maternal educational state and their Hb, serum iron, zinc and 
vit.A  levels  
 
 
 
Parameters 
Educational state Chi-
squa
re 
P-value
illiterate 
read & 
write 1ry sch 2rysch higher 
Total 
N  % N  % N  % N  % N  % N  % 
Hb 
mother  
low 11 34.4 5 35.7 5 19.2 1 7.7 3 42.9 25 27.2 
5.55 .236 normal 21 65.6 9 64.3 21 80.8 12 92.3 4 57.1 67 72.8 
Total 
32 100.0 
1
4 
100. 26 100.0 13 100.0 7 100.0 92 100.0 
Serum 
vitamin 
A 
mother  
low 0 .0 0 .0 0 .0 1 16.7 0 .0 1 3.3 
4.14 .388 
normal 
11 100.0 4 
100.
0 7 100.0 5 83.3 2 100.0 29 96.7 
Total 
11 100.0 4 
100.
0 7 100.0 6 100.0 2 100.0 30 100.0 
Serum 
Iron 
mother  
low 16 50.0 7 53.8 13 52.0 6 54.5 2 28.6 44 50.0 
3.28 .916 
normal 14 43.8 5 38.5 11 44.0 5 45.5 5 71.4 40 45.5 
high 2 6.3 1 7.7 1 4.0 0 .0 0 .0 4 4.5 
Total 
32 100.0 
1
3 
100.
0 25 100.0 11 100.0 7 100.0 88 100.0 
Serum 
zinc 
mother  
low 9 29.0 6 42.9 9 37.5 4 30.8 2 28.6 30 33.7 
3.07 .930 
normal 20 64.5 7 50.0 13 54.2 9 69.2 5 71.4 54 60.7 
high 2 6.5 1 7.1 2 8.3 0 .0 0 .0 5 5.6 
Total 
31 100.0 
1
4 
100.
0 
24 100.0 13 100.0 7 100.0 89 100.0 
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* The Chi-square statistic is significant at the P ≤0.05 level. 
 
Table 5) Relationship of maternal educational state and their newborns' birth weight, Hb, 
serum iron, zinc and vit.A  levels 
 
 
 Parameters 
Educational state 
Chi-
square
P-
valueilliterate 
read & 
write 1ry sch 2rysch higher 
Total 
N  % N  % N  % N  % N  % N  % 
Newborn 
weight  
Low 5 15.6 3 21.4 5 19.2 1 7.7 3 42.9 17 18.5 
4.03 .402 Normal 27 84.4 11 78.6 21 80.8 12 92.3 4 57.1 75 81.5 
Total 
32 
100.
0 
14 100. 26 100. 13 100. 7 100. 92 100. 
Newborn Hb low 6 18.8 0 0 5 19.2 1 7.7 1 14.3 13 14.1 
3.868 .424 normal 26 81.2 14 100 21 80.8 12 92.3 6 85.7 79 85.9 
Total 32 100 14 100 26 100 13 100 7 100 92 100 
Serum vit. A 
newborn  
low 0 .0 1 25.0 0 .0 0 .0 0 .0 1 3.3 
6.72 .151 
normal 
11 
100.
0 
3 75.0 7 100.0 6 100.0 2 100.0 29 96.7 
Total 
11 
100.
0 
4 
100.
0 
7 100.0 6 100.0 2 100.0 30 100.0 
Serum iron 
newborn  
low 16 55.2 5 41.7 10 41.7 5 41.7 3 50.0 39 47.0 
1.35 .853 
normal 13 44.8 7 58.3 14 58.3 7 58.3 3 50.0 44 53.0 
high 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 
Total 
29 
100.
0 
12 
100.
0 
24 100.0 12 100.0 6 100.0 83 100.0 
Serum zinc 
newborn  
low 15 48.4 3 27.3 15 62.5 2 16.7 2 33.3 37 44.0 
17.10 .029*
normal 16 51.6 7 63.6 9 37.5 10 83.3 3 50.0 45 53.6 
high 0 .0 1 9.1 0 .0 0 .0 1 16.7 2 2.4 
Total 
31 100. 11 
100.
0 
24 100.0 12 100.0 6 100.0 84 100.0 
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* The Chi-square statistic is significant at the P ≤0.05 level. 
Table 6) Relationship of maternal qat chewing habit and their Hb, serum iron, zinc 
and vit.A  levels 
 
Parameters 
Qat chewing
Chi-
square
P-
valuedaily weekly none Total 
N  % N  % N  % N  % 
 
Hb mother  
low 3 37.5 5 22.7 17 27.4 25 27.2 
.65 .722normal 5 62.5 17 77.3 45 72.6 67 72.8 
Total 8 100.0 22 100.0 62 100.0 92 100.0 
 
Serum vitamin A 
mother  
low 0 .0 0 .0 1 4.3 1 3.3 
.32 .854normal 2 100.0 5 100.0 22 95.7 29 96.7 
Total 2 100.0 5 100.0 23 100.0 30 100.0 
 
 
Serum iron mother  
low 5 62.5 5 22.7 34 58.6 44 50.0 
11.90 .018*
normal 3 37.5 14 63.6 23 39.7 40 45.5 
high 0 .0 3 13.6 1 1.7 4 4.5 
Total 8 100.0 22 100.0 58 100.0 88 100.0 
 
Serum zinc mother  
low 2 25.0 7 33.3 21 35.0 30 33.7 
12.31 .015*
normal 4 50.0 11 52.4 39 65.0 54 60.7 
high 2 25.0 3 14.3 0 .0 5 5.6 
Total 
8 100.0 21 100.0 60 100.0 89 100.0 
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Table 7) Relationship of maternal qat chewing habit and their newborns' birth 
weight, Hb, serum iron, zinc and vit.A  levels 
 
 
     Parameters 
Qat chewing
Chi-
square 
P-
valuedaily weekly none Total 
N  % N  % N  % N  % 
 
Newborn weight  
low 3 37.5 2 9.1 12 19.4 17 18.5 
3.24 .198normal 5 62.5 20 90.9 50 80.6 75 81.5 
Total 8 100.0 22 100.0 62 100.0 92 100.0 
Newborn Hb low 0 0 2 9.1 11 17.7 13 14.1 
2.443 .295normal 8 100 20 90.9 51 82.3 79 85.9 
Total 8 100 22 100 62 100 92 100 
 
Serum vitamin A 
newborn  
low 0 .0 0 .0 1 4.3 1 3.3 
.32 .854normal 2 100. 5 100. 22 95.7 29 96.7 
Total 2 100.0 5 100.0 23 100.0 30 100.0 
 
Serum iron 
newborn  
low 4 66.7 5 26.3 30 51.7 39 47.0 
4.72 .095
normal 2 33.3 14 73.7 28 48.3 44 53.0 
high 0 .0 0 .0 0 .0 0 .0 
Total 6 100.0 19 100.0 58 100.0 83 100.0 
 
Serum zinc 
newborn  
low 2 40.0 13 59.1 22 38.6 37 44.0 
3.83 .430
normal 3 60.0 8 36.4 34 59.6 45 53.6 
high 0 .0 1 4.5 1 1.8 2 2.4 
Total 
5 100.0 22 100.0 57 100.0 84 100.0 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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Table 8) Classification of mothers according to frequency of different foods 
taken 
 Group1) 0 Group2) 1 Group3) 2-3 Group4) >3 Total 
 N % N % N % N % N % 
N0of full meals/d 0 .00 0 .00 74 80.43 18 19.57 92 100 
N0 of cups of fluid/d 0 .00 0 .00 21 22.83 71 77.17 92 100
Bread/d 0 .00 6 6.52 79 85.87 7 7.61 92 100 
Rice/d 0 .00 91 98.91 1 1.09 0 .00 92 100 
Porridge/d 46 50.00 43 46.74 3 3.26 0 .00 92 100
Beans/d 0 .00 42 45.65 49 53.26 1 1.09 92 100 
Dairy products/d 5 5.43 59 64.13 28 30.43 0 .00 92 100 
Meat/w 9 9.78 75 81.52 8 8.70 0 .00 92 100 
Chicken/w 2 2.17 64 69.57 26 28.26 0 .00 92 100 
Fish/w 32 34.78 59 64.13 1 1.09 0 .00 92 100 
Liver, Kidney/w 57 61.96 35 38.04 0 .00 0 .00 92 100 
Eggs/w 8 8.70 15 16.30 69 75.00 0 .00 92 100 
No of servings of 
Vegetables/d 0 .00 89 96.74 3 3.26 0 .00 92 100 
No of servings of fruits/w 0 .00 50 54.35 42 45.65 0 .00 92 100 
Spicy foods/d 12 13.04 30 32.61 50 54.35 0 .00 92 100
No of cups of tea/d 0 .00 19 20.65 17 18.48 56 60.87 92 100 
No of cups of coffee/d 3 3.26 84 91.30 5 5.43 0 .00 92 100 
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Table 9) Relationship of maternal use of tea with or immediately after meals to 
maternal and their newborns' Hb,  serum Iron,  zinc and vit.A levels 
  Use of tea with or immediately after meals 
Chi-square P-value  yes no Total 
  N % N % N %
Hb mother  low 24 32.88 1 5.26 25 27.17
5.809 .016* normal 49 67.12 18 94.74 67 72.83 
Total 73 100.00 19 100.00 92 100.00 
Serum iron 
mother  
low 39 55.71 5 27.78 44 50.00 
6.830 .033* 
normal 27 38.57 13 72.22 40 45.45 
high 4 5.71 0 .00 4 4.55 
Total 70 100.00 18 100.00 88 100.00 
Serum zinc 
mother  
low 24 33.80 6 33.33 30 33.71 
.002 .999 
normal 43 60.56 11 61.11 54 60.67 
high 4 5.63 1 5.56 5 5.62 
Total 71 100.00 18 100.00 89 100.00 
Serum 
vitamin A  
mother  
low 1 3.85 0 .00 1 3.33 
.159 .690 normal 25 96.15 4 100.00 29 96.67 
Total 26 100.0 4 100.00 30 100.00 
Newborn 
Hb 
low 13 17.8 0 0 13 14.1
3.940 .047 normal 60 82.2 19 100.0 79 85.9 
Total 73 100.0 19 100.0 92 100.0 
Serum iron 
newborn  
low 32 48.48 7 41.18 39 46.99
.290 .590 
normal 34 51.52 10 58.82 44 53.01 
high 0 .00 0 .00 0 .00 
Total 66 100.00 17 100.00 83 100.00 
Serum zinc 
newborn  
low 32 48.48 5 27.78 37 44.05 
3.080 .214 
normal 33 50.00 12 66.67 45 53.57 
high 1 1.52 1 5.56 2 2.38 
Total 66 100.00 18 100.00 84 100.00 
Serum 
vitamin A 
newborn  
low 0 .00 1 25.00 1 3.33 
6.724 .010* normal 26 100.00 3 75.00 29 96.67 
Total 26 100.00 4 100.00 30 100.00 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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Table 10) Relationship of number of pregnancies and the mothers' Hb, serum iron, 
zinc and vit.A  levels  
 
    Parameters 
Number of pregnancies 
Chi-
square
P-
value
<3 3-5 >5 Total 
N % N % N % N  % 
Hb mother  low 13 22.0 8 42.1 4 28.6 25 27.2 
2.94 .230normal 46 78.0 11 57.9 10 71.4 67 72.8 
Total 59 100.0 19 100.0 14 100.0 92 100.0 
Serum vitamin 
A mother  
low 1 5.3 0 .0 0 .0 1 3.3 
.60 .741normal 18 94.7 6 100.0 5 100.0 29 96.7 
Total 19 100.0 6 100.0 5 100.0 30 100.0 
Serum iron 
mother  
low 24 42.1 13 76.5 7 50.0 44 50.0 
10.01 .040*
normal 31 54.4 4 23.5 5 35.7 40 45.5 
high 2 3.5 0 .0 2 14.3 4 4.5 
Total 57 100.0 17 100.0 14 100.0 88 100.0 
Serum zinc 
mother  
low 17 29.8 6 33.3 7 50.0 30 33.7 
3.98 .408
normal 38 66.7 10 55.6 6 42.9 54 60.7 
high 2 3.5 2 11.1 1 7.1 5 5.6 
Total 57 100.0 18 100.0 14 100.0 89 100.0 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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Table 11) Relationship of number of pregnancies and the newborns' birth weight, 
Hb, serum iron, zinc and Vit.A  levels 
   
     
      Parameters 
No of pregnancies 
Chi-
square
P-
value<3 3-5 >5 Total 
N  % N  % N  % N  % 
 
Newborn 
weight  
low 13 22.0 2 10.5 2 14.3 17 18.5 
1.46 .483 normal 46 78.0 17 89.5 12 85.7 75 81.5 
Total 59 100.0 19 100.0 14 100.0 92 100.0 
Newborn Hb low 5 8.5 3 15.8 5 35.7 13 14.1 
6.974 0.031*normal 54 91.5 16 84.2 9 64.3 79 85.9 
Total 59 100 19 100 14 100 92 100 
 
Serum vitamin 
A newborn  
low 0 .0 1 16.7 0 .0 1 3.3 
4.14 .126 normal 19 100.0 5 83.3 5 100.0 29 96.7 
Total 19 100.0 6 100.0 5 100.0 30 100.0 
 
Serum iron 
newborn  
low 26 47.3 8 53.3 5 38.5 39 47.0 
.62 .732 
normal 29 52.7 7 46.7 8 61.5 44 53.0 
high 0 .0 0 .0 0 .0 0 .0 
Total 55 100.0 15 100.0 13 100.0 83 100.0 
 
Serum zinc 
newborn  
low 24 45.3 6 35.3 7 50.0 37 44.0 
2.92 .572 
normal 28 52.8 11 64.7 6 42.9 45 53.6 
high 1 1.9 0 .0 1 7.1 2 2.4 
Total 53 100.0 17 100.0 14 100.0 84 100.0 
* The Chi-square statistic is significant at the P ≤0.05 level. 
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N.B: Twenty three (25%) of mothers were primigravidae. 
 
 
 
 
 
* The Chi-square statistic is significant at the P ≤0.05 level. 
 
Table 12) Classification of mothers 
according to the years since last birth 
 N % 
Group1) <2 yrs 18 26.1 
Group2) 2- 3  yrs 28 40.58
Group3) > 3  yrs 23 33.33 
Total 69 100.00 
Table   13) Relationship of spacing between births and gestational age & birth 
weight. 
 Years Since Last Birth  Chi-
square 
P-
value <= 1.00 1.01 - 2.00 2.01+ Total 
N % N % N % N % 
 
Gestational 
age 
full term 5 83.3 34 97.1 28 100 67 97.1  
 
4.877 
 
 
.087 preterm 1 16.7 1 2.9 0 0 2 2.9 
Total 6 100 35 100 28 100 69 100 
 
Newborn 
Weight 
low 1 16.7 7 20 4 14.3 12 17.4  
.356 
 
.837 
normal 5 83.3 28 80 24 85.7 57 82.6 
Total 6 100 35 100 28 100 69 100 
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* The Chi-square statistic is significant at the P ≤0.05 level. 
 
 
 
Tab 14) Relationship of  maternal Hb and  age of mother, parity & age  of 
marriage 
         
 
         Parameters 
Hb Mother  
Chi-
square 
P-
valueLow Normal Total 
N  % N  % N  % 
 
 
 
Age  of mother 
 
<20 1 4.0 7 10.4 8 8.7 
1.741 .419
20 - 34 23 92.0 54 80.6 77 83.7 
35+ 1 4.0 6 9.0 7 7.6 
Total 25 100.0 67 100.0 92 100.0 
 
 
Age of 
marriage 
< 18 10 40.0 12 17.9 22 23.9 
4.883 .027*18+ 15 60.0 55 82.1 70 76.1 
Total 25 100.0 67 100.0 92 100.0 
Number of 
pregnancies 
<3 13 52.0 46 68.7 59 64.1 
2.942 .230
3 - 4 8 32.0 11 16.4 19 20.7 
5+ 4 16.0 10 14.9 14 15.2 
Total 25 100.0 67 100.0 92 100.0 
Results 
65 
 
 
* The Chi-square statistic is significant at the P ≤0.05 level.  
 
 
 
 
Table 15) Relationship of  presentation at delivery to  maternal  biochemical 
parameter levels 
 Parameters 
Presentation 
Chi-
square
P-
value 
cephalic breach face Total 
N % N % N % N % 
Hb 
mother  
low 24 27.27 0 0.00 1 100.00 25 27.17 
3.80 0.15 
normal 64 72.73 3 100.00 0 0.00 67 72.83 
Total 88 100.00 3 100.00 1 100.00 92 100.0 
Serum 
iron 
mother  
low 42 50.00 1 33.33 1 100.00 44 50.00 
1.61 0.81 
normal 38 45.24 2 66.67 0 0.00 40 45.45 
high 4 4.76 0 0.00 0 0.00 4 4.55 
Total 
84 100.00 3 100.00 1 100.00 88 100.0 
Serum 
IBC 
mother  
low 21 25.93 2 66.67 0 0.00 23 27.06 
4.46 0.35 
normal 26 32.10 1 33.33 0 0.00 27 31.76 
high 34 41.98 0 0.00 1 100.00 35 41.18 
Total 81 100.00 3 100.00 1 100.00 85 100.0 
Serum 
ferritin 
mother  
low 23 27.71 2 66.67 1 100.00 26 29.89 
4.49 0.34 
normal 58 69.88 1 33.33 0 0.00 59 67.82 
high 2 2.41 0 0.00 0 0.00 2 2.30 
Total 
83 100.00 3 100.00 1 100.00 87 100.00 
Serum 
zinc 
mother  
low 30 35.29 0 0.00 0 0.00 30 33.71 
2.72 0.61 
normal 
50 58.82 3 100.00 1 100.00 54 60.67 
high 
5 5.88 0 0.00 0 0.00 5 5.62 
Total 85 100.00 3 100.00 1 100.00 89 100.0 
Serum 
vitamin 
A 
mother  
low 1 3.57 0 0.00 0 0.00 1 3.33 
0.07 0.96 normal 27 96.43 1 100.00 1 100.00 29 96.67 
Total 28 100. 1 100.00 1 100.00 30 100.0 
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           * The Chi-square statistic is significant at the P ≤0.05 level. 
 
Table 16) Relationship of progress of delivery to  maternal  biochemical 
parameter levels 
   Parameters 
Progress of delivery Chi-
square 
P-
valuenormal prolonged Total N % N % N % 
Hb mother  low 23 25.84 2 66.67 25 27.17 
2.44 0.12 normal 66 74.16 1 33.33 67 72.83 
Total 89 100.00 3 100.00 92 100.00
Serum iron 
mother  
low 42 49.41 2 66.67 44 50.00
0.41 0.81 
normal 39 45.88 1 33.33 40 45.45
high 4 4.71 0 0.00 4 4.55
Total 85 100.00 3 100.00 88 100.00
Serum IBC 
Mother  
low 21 25.61 2 66.67 23 27.06 
2.84 0.24 
normal 27 32.93 0 0.00 27 31.76 
high 34 41.46 1 33.33 35 41.18 
Total 82 100.00 3 100.00 85 100.00
Serum 
ferritin 
mother  
low 26 30.95 0 0.00 26 29.89 
1.48 0.48 
normal 56 66.67 3 100.00 59 67.82 
high 2 2.38 0 0.00 2 2.30 
Total 84 100.00 3 100.00 87 100.00
Serum 
zinc 
mother  
low 29 33.72 1 33.33 30 33.71 
0.19 0.91 
normal 52 60.47 2 66.67 54 60.67 
high 5 5.81 0 0.00 5 5.62 
Total 86 100.00 3 100.00 89 100.00
Serum 
vitamin A 
mother  
low 1 3.45 0 0.00 1 3.33 
0.04 0.85 normal 28 96.55 1 100.00 29 96.67 
Total 29 100.00 1 100.00 30 100.00
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Table 17) Relationship of  duration of pregnancy to  maternal biochemical 
parameter levels 
    Parameters 
Duration of pregnancy Chi-
square 
P-
value
Full term preterm Total 
N % N % N % 
Hb mother  low 23 26.14 2 50.00 25 27.17 
1.10 0.29 normal 65 73.86 2 50.00 67 72.83 
Total 88 100.00 4 100.00 92 100.00 
Serum iron 
mother  
low 41 48.24 3 100.00 44 50.00 
3.11 0.21 
normal 40 47.06 0 0.00 40 45.45 
high 4 4.71 0 0.00 4 4.55 
Total 85 100.00 3 100.00 88 100.00 
Serum IBC 
mother  
low 23 28.05 0 0.00 23 27.06 
2.08 0.35 
normal 
25 30.49 2 66.67 27 31.76 
high 34 41.46 1 33.33 35 41.18 
Total 82 100.00 3 100.00 85 100.00 
Serum 
ferritin 
mother  
low 24 28.57 2 66.67 26 29.89 
2.02 0.36 
normal 58 69.05 1 33.33 59 67.82 
high 2 2.38 0 0.00 2 2.30 
Total 84 100.00 3 100.00 87 100.00 
Serum zinc 
mother  
low 30 35.29 0 0.00 30 33.71 
2.72 0.26 
normal 50 58.82 4 100.00 54 60.67 
high 5 5.88 0 0.00 5 5.62 
Total 85 100.00 4 100.00 89 100.00 
Serum 
vitamin A 
mother  
low 1 3.57 0 0.00 1 3.33 
0.07 0.79 normal 27 96.43 2 100.00 29 96.67 
Total 28 100.00 2 100.00 30 100.00 
 * The Chi-square statistic is significant at the P ≤0.05 level.   
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* The Chi-square statistic is significant at the P ≤0.05 level. 
 
Table 18) Relationship of newborns' birth weight and maternal Hb,  serum iron, 
TIBC, ferritin, zinc and vit.A  
  Newborn Weight 
Chi-
square P-value
  < 2.50 2.50+ Total 
  N % N % N % 
Hb mother  low 9 36.00 16 64.00 25 100 
6.996 0.008*normal 8 11.94 59 88.06 67 100 
Total 17 18.48 75 81.52 92 100 
Serum vitamin A  
mother  
low 0 .00 1 100.00 1 100
.443 .506 normal 9 31.03 20 68.97 29 100 
Total 9 30.00 21 70.00 30 100 
Serum ferritin 
mother  
low 5 19.23 21 80.77 26 100 
.511 .774 
normal 12 20.34 47 79.66 59 100 
high 0 .00 2 100.00 2 100 
Total 17 19.54 70 80.46 87 100 
Serum iron 
mother  
low 11 25.00 33 75.00 44 100 
2.348 .309 
normal 6 15.00 34 85.00 40 100 
high 0 .00 4 100.00 4 100 
Total 17 19.32 71 80.68 88 100 
Serum IBC 
Mother  
low 1 4.35 22 95.65 23 100 
4.446 .108 
normal 6 22.22 21 77.78 27 100
high 9 25.71 26 74.29 35 100 
Total 16 18.82 69 81.18 85 100 
Serum zinc 
mother  
low 2 6.67 28 93.33 30 100
6.813 .033* 
normal 15 27.78 39 72.22 54 100 
high 0 .00 5 100.00 5 100 
Total 17 19.10 72 80.90 89 100
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N.B.: Number of studied mothers and newborns in some parameters are not identical due to loss 
of some samples on final stages of laboratory analysis; but when comparing the same parameter 
between mothers and their newborns the system excludes the defective couples, see Table 20.  
 
 
Table 19) Serum level of iron, IBC, ferritin, zinc, vit-A and Hb of mothers and 
newborns 
Studied Parameters Mothers Newborns 
N0 (Mean ±SD) N0  (Mean 
±SD) 
Hb (g/dL) 92 11.78 ± 1.32 92 14.69 ± 1.25 
Serum iron (µg/dL) 88 61.46 ± 45.60 83 99.75 ±  48.77 
Serum iron  binding capacity 
(µg/dL) 85 468.40 ± 318.84 79 309.81± 152.17 
Serum ferritin conc. (ng/dL) 87 26.57± 30.43 81 127.65 ± 60.35 
Serum zinc (µg/dL) 89 68.57 ± 21.81 84 65.04 ± 20.04 
Serum Vitamin-A (µg/dL) 30 48.30 ±20.42 30 34.41±9.54 
Table 20) Classification of mothers and newborns according to level of studied 
parameters 
Parameters 
Mothers Newborns 
Low Normal High Low Normal High 
N0 (%) N0 (%) N0 (%) N0 (%) N0 (%) N0 (%) 
Serum iron  44 (50) 40 (45.45) 4 (4.55) 39 (46.99) 
44 
(53.01) - 
Serum iron  
binding capacity  
23 
(27.06) 27 (31.76) 
35 
(41.18) 
35 
(44.30) 
32 
(40.51) 
12 
(15.19) 
Serum ferritin 
conc.  
26 
(29.89) 59 (67.82) 2 (2.30) 3 (3.70)
76 
(93.83) 2 (2.47)
Serum zinc  30 (33.71) 54 (60.67) 5 (5.62)
37 
(44.05) 
45 
(53.57) 2 (2.38)
Serum vitamin-A  1(3.33) 29 (96.67) - 1(3.33) 29 (96.67) - 
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Table 21)  Pearson's correlation for Hb, serum iron, TIBC, ferritin, zinc and vit.A 
of mothers and their newborns
Paired Samples Correlations N Correlation P-value Sig.
Hb Mother & Hb newborn 92 .592 .000
Serum iron mother & serum ion newborn 82 .543 .000
Serum TIBC Mother & Serum TIBC newborn 77 .337 .003
Serum ferritin Mother & Serum ferritin newborn 78 .301 .007
Serum zinc mother & serum zinc newborn 82 .416 .000
Serum vitamin A Mother & Serum vitamin A newborn 30 .450 .013
* The Chi-square statistic is significant at the P ≤0.05 level. 
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CHAPTER FOUR 
IV. DISCUSSION 
 
This study was designed to determine the micronutritional status of 
Yemeni pregnant women, mainly the micronutrients iron, zinc and 
vitamin A and its effects on the outcomes of pregnancy. Micronutritional 
status is one of many factors that have been associated with pregnancy 
and pregnancy outcomes.     
Requirements for many micronutrients increase during pregnancy. 
Deficiencies can exist because of losses or malabsorption associated with 
disease or inadequate intakes, lack of knowledge about adequate 
nutrition, habitual dietetic behaviors or dietary taboos associated with 
pregnancy with potential adverse consequences for both mothers and 
newborn infants (161).  
 
IV.1. Socioeconomic state, Habitual and Dietetic Styles and 
Reproductive Health characteristics: 
IV.1.1. Socioeconomic state and Habitual characteristics:  
The study was conducted in Al-Sabeen hospital, the main 
governmental referral hospital for maternity and childhood in Sana’a 
city-Yemen. The participants in this study were 184 subjects, 92 pregnant 
mothers in their third trimester of pregnancy and 92 newborns of studied 
mothers. Far more mothers than this number were interviewed for the 
study, but some of them didn't agree to the blood sample collection or 
their samples or their newborns' blood samples were lost or lysed during 
separation or storing; such subjects were excluded from the study.   
Because the study was conducted in urban area, most of the 
mothers (n=84, 91.3%) resided in urban areas of Sana'a city, while only 
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(n = 8, 8.7%) lived in the peripheries of urban (suburban) areas (Figure 
3).  
Most of the mothers (n=84, 91.3%) were housewives, while only 
(n = 3, 3.26%) were employees, (n = 2, 2.17%) were teachers and similar 
number were free workers and one was a student, Figure 4. Our finding 
was nearly similar to Al-Kaaky 2004 (162), who found that 86.5% of 
mothers were housewives in a study conducted in Aden city. Significant 
reduction in birth weight and preterm labor has been reported to be 
associated with fatigue, prolonged standing, heavy lifting or carrying 
load with physical exertion (163). Activities of some housewives at home 
may be to great degree of strenuousness and stressfulness, especially in 
suburban or rural areas, but this need further expanded controlled studies.  
 
Total incomes of the families ranged between 30,000 to 100,000 
YR with a mean of 47,766.67 ± 19, 512.053YR (Fig 6). Monthly income 
was categorized into: low (< 50000YR), moderate (50000YR-100000 
YR) and high (> 100000YR). Most of the families (n=61, 66.3%, Figure 
6) had low income   according to UNDP, 2009 and GY et al., 2007 (159, 
164) with few (n= 29, 31.5%) of moderate income. Family income was 
estimated according to monthly income or calculated from daily income. 
Because most of the mothers were housewives, the total incomes of the 
families were determined mostly by husbands' jobs. Total incomes of the 
families were not significantly related neither to maternal biochemical 
parameters (Table 2) nor to their newborns' biochemical parameters 
(Table 3); this may be attributed to the fact that the mothers' and 
husbands' jobs per se do not reflect the exact income of the family 
because there are many confounding factors that might affect family 
income such as assistance from relatives, fluctuating economic and non 
fixed prices especially food items.  
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A strong relationship has been established between socioeconomic 
disadvantages and low birth weight, as it impairs fetal development by 
causing greater physical and psychological stress, lower educational 
level, inadequate housing,  and by limiting access to medical care and to 
nutritious foods (165).  
   
As shown in Figure 7 the majority (n=32, 34.78%) of mothers 
were illiterate, or informally educated (n= 14, 15.22%), just read and 
write; 26 mothers (28.26%) had primary education, (n= 13, 14.13%) had 
secondary education and few (n= 7, 7.61%) had higher education. Our 
finding of illiteracy was less than that reported by Christopher, 2009 who 
reported that the national literacy rate in Yemen was about 50 percent; 
with female illiteracy near 70 percent (166). Al-Kaaky, 2004 also found 
that 69.6% of mothers were illiterate in a study conducted in Aden city 
(162). Table 4 shows that there was no significant correlation between 
maternal educational state and their biochemical parameters. Table 5 
shows that there was significant correlation between maternal educational 
state and their newborns' serum zinc level (p= 0.029) but not significantly 
related to the other newborns' biochemical parameters. This may be 
attributed to the higher bioavailability of dietary zinc of the educated 
mothers; educational level usually determines the economic condition of 
the family and hence more chance for access to supply of foods rich in 
different micronutrients.   
 
Programs to improve pregnancy outcome should include 
promotion of maternal literacy, and early and regular antenatal care 
(167).    
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Chewing qat (takhzeen al-qat), a psychotropic plant, is a deeply 
rooted addictive habit in Yemeni society. Qat has been cultivated for use 
as a stimulant for centuries in Yemen, other parts of the Arabian 
Peninsula as well as the Horn of Africa (14, 15, 16). In the present study, 
we found that most of the mothers (n=62, 67.39%) do not practice this 
habit; (n=22, 23.91%) chew qat weekly and only few (n=8, 8.70%) chew 
qat daily, Figure 8. This finding was consistent with Al-Kaaky, 2004 and 
roughly similar to Ali, 2007 who found that 23% and 29% of female 
subjects were qat chewers respectively (19, 162). It has been estimated 
that about 80% of Yemeni men and 60% of women chew qat (16). Qat 
has psychological, medical, social and economical effects on human 
beings (14, 18, 168). Table 6 shows that maternal qat-chewing was 
significantly related to their serum iron (p= 0.018) and zinc level (p= 
0.015); but not correlated significantly to the other maternal biochemical 
parameters. Table 7 shows that maternal qat-chewing was not 
significantly related to their newborns' birth weight and biochemical 
parameters.  
Nutrition is highly dependent on economic status, social and 
cultural environment, and personal habits of the mother (169). Some 
studies found a significant association between qat chewing during 
pregnancy and reduction of birth weight (21, 22). This may be related to 
the alkaloid cathinone and other qat ingredients that affect mother 
appetite and placental circulation.   
 
 
 
Tobacco use was rare among mothers; as shown in Figure 9 only 
two mothers (n=2, 2.18%) use tobacco, while the majority (n=90, 
97.83%) do not use. This is an encouraging finding, because use of 
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tobacco during pregnancy possesses risks to the mother and child (13). 
Carbon monoxide and nicotine from smoking increase fetal 
carboxyhemoglobin and reduce placental blood flow, both of which limit 
oxygen supplied to the fetus. This reduces birth weight by an average of 
200g and may increase risk of preterm delivery and perinatal mortality 
(170, 171).  
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IV.1.2. Dietetic Style characteristics:  
Distribution of mothers according to frequency of different foods 
taken is shown in Table 8. Seventy four mothers (80.43%) had 2-3 full 
meals daily, while only 18 (19.57%) use more than 3 meals daily. High 
energy protein-poor foods like bread and rice were taken more frequently 
by mothers, 79 (85.87%) of them take bread containing meals 2-3 times 
daily. Beans were taken 2-3 times daily by 49 (53.26%) mothers, while 
59 (64.13%) mothers take dairy products once daily. Animal protein rich 
foods such as meat, chicken, and eggs were used weekly by most 
mothers, meat being the least frequently used one. Thirty two mothers 
(34.78%) didn't take fish at all, while 59 (64.13%) of them took fish once 
weekly. Servings of vegetables were taken once daily by 89 (96.74%) 
mothers, while fruits were taken once weekly by 50 (54.35%) mothers. 
Liver and kidneys were found to be the least frequently used food, 57 
(61.96%) mothers didn't take it at all. Use of spicy foods was common 
among subjects, since 50 mothers (54.35%) consumed it two to three 
times daily. The majority of mothers (n= 84, 91.30%) were used to drink 
coffee once daily (Table 8). 
 
Yemeni meals in this pattern reveal that carbohydrates are the 
predominant nutrients in the habitual daily consumed meals and they are 
the main source of energy requirement. Vitamins and minerals which are 
found in vegetables and fruits are consumed less frequently, especially 
fruits which are taken once weekly by most of the mothers. Proteins of 
high biological value are the least abundant.   
 
The current results provide further support to studies indicating 
that prices of fruits and other nutritional elements are a barrier to 
consumption by low-income consumers, so developing public policies to 
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make these nutrients more affordable for low-income families should be 
encouraged (172, 173).  
 
Several studies have shown that adequate consumption of fruit and 
vegetables is associated with a reduced risk of cancer (174) and chronic 
heart disease (175). Furthermore, other studies have shown strong 
negative relationships between fruit and vegetables intake and obesity, 
diabetes (176) and hypertension (177). Despite all these benefits, people 
do not properly follow the minimum recommended consumption of five 
servings of fruit and vegetables per day (178).  
 
Maternal nutrition is highly associated with fetal growth and birth 
size, especially in developing countries (179 180), where a considerable 
percentage of population has acute or chronic malnutrition (180). Such 
correlation is explained by the fact that poor nutrition results in decreased 
available nutrients and lower blood pressure leading to reduced placental 
perfusion (181).  
 
 
Seventy three mothers (79.35%) used to drink tea with or 
immediately after meals, while 19 (20.65%) were not (Figure 10). Table 
9 shows relation of maternal use of tea to the maternal and their 
newborns' biochemical parameters. It was significantly related to 
mothers' hemoglobin level (p= 0.016), to mothers' serum iron (p= 0.033) 
and newborns' serum vit.A level (p = 0.01). Maternal use of tea was not 
correlated significantly to the other maternal or their newborns' 
biochemical parameters. Our findings about relation of tea consumption 
to serum iron level were consistent with Morck et al., 1983, they reported 
that the tea contain appreciable amounts of galloyl groups, which 
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strongly inhibit iron absorption (71). Raja et al., 2001 attributed the high 
prevalence of iron deficiency anaemia in the Republic of Yemen to 
dietetic factors and tea drinking habit with meals (148). 
 
Vitamins and mineral supplements were used during pregnancy by 
36.96% of the mothers and 63.04% of them used nothing (Figure 11). 
These percentages reveal that most mothers were not aware of the 
importance of supplement intake during pregnancy. Pregnancy is 
associated with increased demand of all the micronutrients (8).  As a 
component of prenatal care, micronutrient supplementation might reduce 
maternal morbidity and mortality directly by treating a pregnancy-related 
illness or indirectly by lowering the risk of complications at delivery 
(161). 
 
Only eleven mothers (11.96%, Figure 12) used medications during 
pregnancy mainly during the first and second trimesters in the form of 
antibiotics for UTI or tonsillitis or drugs for abortions. This may be due 
to inappropriate antenatal care, since many pregnant women in the 
society don't seek health care unless they are severely diseased. 
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 IV.1.3. Reproductive Health characteristics: 
The age of the mothers ranged from 18- 40 years, the majority (n= 
77, 83.7%) of them were in the range of 20- 34 years (Figure 1). This 
range is nearer to that found in a study conducted by Shommo, 2007 in 
which the age of the pregnant mothers ranged between 15 to 41 years 
(182).  
The mean of maternal age in our study was 25.96 ± 4.75 years, it 
was slightly less than that reported by Basorra, 2006 {28 ± 5.4years} and 
Babay et al., 1994 {27.04 ± 5.2 years} (183, 184).             
 
Percentage of child marriage, marriage before the age of 18 years, 
was found to be 23.91% (Figure 2). This was less than the child marriage 
percentage of 37% in Yemen that was reported by UNICEF, 2007 (185) 
that imply the clear decline of child marriage in the society. Early 
marriage and teenage pregnancies threaten the health of mothers and 
children, and commonly encourage early childbearing and high fertility, 
which carry marked health risks for very young mothers and their infants 
(164).  The mean age of marriage was 19.36 ± 3.14 years, which was 
higher than that reported in Aden by Fadhel, 2003 that was 18.3 years 
(146) and this is another encouraging indicator of social development. In 
this study, maternal age of marriage was significantly related to their 
haemoglobin concentrations (Table ), but it was not significantly related 
to their newborns' parameters (Table 1). 
 
Our results showed that the younger, teenage mothers (< 20 years) 
were 8.7% (Figure 1). This was less than that reported by [Al-kaaky, 
2004 (15.8%) and Makki, 1996 (16.6%)] in Aden and Sana'a respectively 
(162, 186). Pregnancy in adolescents presents a special problem because 
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iron is needed to cover the requirements of growth for the mother and the 
fetus. (27).    
 
The number of pregnancies among the mothers was between 1 and 
10, the mean was 3.28 ± 2.10. Most of the mothers (n=59, 64.13%) were 
either primigravidae or para two, (n = 19, 20.65%) had pregnancies 3- 5 
times, and 14 mothers (15.22%) were multigravida of more than 5 times 
(Figure 13). Table 10 shows that number of pregnancies was significantly 
related to maternal serum iron level (p= 0.04); but not correlated 
significantly to the other maternal biochemical parameters. Table 11 
shows that maternal number of pregnancies was also significantly related 
to their newborns' hemoglobin levels.           
 
Spacing between births ranged between minimal period of ten 
months to maximal period of 7 years (Table 12). Most of the mothers 
(40.58%), separated between births by period of 2 to 3 years; 33.33% of 
mothers separated by more than three years, while birth spacing time of 
less than two years encountered only among 26.1% of them.  Table 13 
shows that spacing between births was not significantly related to the 
gestational age or newborn’s birth weight.             
 
 
Several authors reported a significant relationship between short 
interpregnancy interval and low birth weight, either preterm delivery or 
intrauterine growth retardation and perinatal and infant mortality (22, 
162,187-189), but this was not observed in this study.  
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IV.1.4. Pregnancy Outcomes: 
Eighty eight (95.65%) of the pregnancies ended in cephalic 
presentation at delivery, 3 (3.26%) were breach presentation and only one 
case was face presentation (Figure 15).  
Regarding duration of pregnancies, Figure 16 shows that 88 
(95.65%) were full term pregnancies (38-40 weeks), while 4 (4.35%) 
pregnancies ended before term.  This was far less than that reported by 
Al-kaaky, 2004 in a study conducted in Aden that 38.5% of newborns 
were preterm (162). Preterm babies are more vulnerable to develop 
infections (190, 191). In our study one of the preterm deliveries was a 
twin pregnancy.  It was reported by several studies that premature labor 
was several times greater in multiple pregnancies than singletons (162, 
183, 192-194).  
 
The mean of the newborns' weight was 2.8kg ±0.47. Most of the 
newborns (n=75, 81.52%) were with birth weight of 2.5kg or more, while 
few (n= 17, 18.45%) of them weighed less than 2.5kg at birth, low birth 
weight (LBW) (Figure 18).  
 
Table 18 shows that newborns' birth weight was significantly 
related to their mothers' hemoglobin level (p= 0.008) and serum zinc 
level (p = 0.033). Birth weight was not correlated significantly to the 
other maternal biochemical parameters. The importance of assessing 
birth weight is its being the most reliable indicator of an infant's health. 
Low birth weight infants (LBW) have increased chances of having 
physical and mental birth defects, contracting diseases and dying early in 
life (165).  
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Our finding of mean birth weight was less than that found by Al-
Asbahi, 2004 in Aden city that was 3.1kg (22). The over all percentage of 
LBW in our study (18.45%) was more than that reported in that study 
(9.3%) which may be attributable to the effect of altitude differences 
between the two regions. Higher altitudes are characterized by less 
oxygen partial pressure and hence less metabolic performance.    
 
Neonatal assessment revealed that most of the newborns (n=90, 
97.83%) were normal with Apgar scoring 5 or more; only two (2.17%)  
were with Apgar score of less than 5, one died soon after delivery and the 
other was premature (Figure 19). This finding disagrees with Al-kaaky, 
in Aden 2004 who found that 16% of newborns had a low Apgar score 
(162).  An association between maternal anaemia and lower infant Apgar 
scores was reported in some studies (195) which was not observed in this 
study.  
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IV.2. Biochemical and Hematological Data: 
Levels of hemoglobin, and different biochemical parameters 
(serum iron, total iron binding capacity (TIBC), ferritin, zinc and vitamin 
A) of mothers and their newborn babies were determined. Results were 
expressed to give the general prevailing levels and their 
interrelationships.  
Micronutrient status of newborns was found to be correlated to 
their mothers' micronutrient status. Hb, serum iron and ferritin levels 
estimated in cord blood were found to be significantly elevated as 
compared to their mothers. These findings were in close agreement with 
previous results reported by Upadhyaya et al., 2004 and, Scheplyagina, 
2005 (8, 196). 
 
 IV.2.1. Hemoglobin:  
 The mean hemoglobin content (g/dL) of mothers was 11.78 ± 1.32, 
and that of their newborns was 14.69 ± 1.25 (Table 19). Both were within 
the normal range, but close to the lower cut off values, 11g/dL for 
mothers (58) and 14g/dL for neonates (160). Sixty seven mothers 
(72.8%) had normal hemoglobin content, while 25 (27.2%) were anaemic 
(Fig 20 and Table 20). Table 21 shows that there was a significant 
relation (p= 0.000) between mothers' and their newborns' hemoglobin 
levels. Table 14 shows that there was a significant relation between 
maternal Hb and age of their marriage (p= .027).   
 
The most commonly used method for the assessment of anemia 
during pregnancy is the measurement of Hb concentration (197, 198). 
According to World Health Organization   recommendations, anemia in 
pregnant women is likely to be present when the Hb concentration is 
below 11.0 g/dL (58).   
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Regarding percentage of anemia among pregnant women, our 
finding (27.2%) was far less than that reported by Fadhel, 2003, and Al-
Asbahi 2004; they found overall percentage of anemia among pregnant 
women to be 83.4% and 81.6% respectively, both studies were conducted 
in Aden (22, 146). This difference between Aden and Sana'a mostly due 
to hypoxia of high altitude in Sana'a that lead to increase hemoglobin, 
and also socioeconomic level being better than Aden. Our finding was 
higher than that found in a study conducted in Sana'a city showed that 
16.2% of pregnant women were anaemic during delivery (145). Marin et 
al., 2002 reported anaemia in 16% of pregnant women (199).  
 
Our finding shows that there was a significant relation between 
maternal hemoglobin level and newborn's birth weight. This was 
consistent with other studies that found that maternal anemia was 
significantly associated with infant growth, birth weight and the risk of 
LBW (94, 200, 201).  
 
 
The correlation between maternal Hb levels and birth weight is 
also conflicting (197, 198, 200). Some investigators reported no 
significant association between infants’ birth weight and maternal Hb 
levels (202, 203).  
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IV.2.2. Serum Iron (SFe): 
   Mean serum iron (µg/dL) for the mothers was 61.46 ± 45.60; while 
that of their newborns was 99.75 ± 48.77 (Table 19). These were nearly 
within the normal range for mothers (50- 170 µg/dL) and newborns (100- 
250 µg/dL). The mean serum iron levels in cord blood were significantly 
higher than that of the corresponding maternal blood levels.   
 Cut off values for newborn = 100 – 250µg/dL (17.9 – 44.8 
µmol/L); women = 50 – 170 µg/dL (9.0 – 30.4µmol/L) (152, 153).  
 
Forty four mothers (50%) had serum iron levels of less than 
normal range, 40 mothers (45.45%) had normal serum iron, while only 4 
(4.55) had higher than normal. Serum iron levels were normal in 44 
(53.01%) babies and were less than normal range in 39 (46.99%) of them 
(Table 20). Table 21 shows that there was a significant relation (p= 
0.000) between mothers' and their newborns' serum iron levels. 
 Our results disagree with Shommo, 2007 and O'Brien et al., 2003 
who found that iron in the neonates' circulation was not significantly 
related to maternal iron status (182, 204).  
   
 It is reported that the prevalence of iron deficiency is higher in 
populations living at high altitudes because of the added iron requirement 
imposed by increased erythropoiesis (205). 
  
 Results of this study demonstrate that the status of serum iron in 
maternal and cord blood are in close agreement with previous reports 
(203, 206, 207); no correlation with birth weight was observed. Despite 
the fact that low serum iron levels below 50µg/dL were observed in 50% 
of pregnant women; their birth outcomes were normal. Additionally, the 
mean serum iron levels in cord blood were significantly higher than that 
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of the corresponding maternal blood levels even in mothers having iron 
levels less than 50 µg/dL. Similar results have been observed by other 
investigators (8, 203, 208). The high serum iron in cord blood compared 
with maternal blood, even in anemic mothers, suggests that the process of 
active transfer of iron from the mother to the fetus is adequately 
maintained.   
 
All the above findings and relations can be explained by the fact 
that maternal iron was efficiently transported to the growing baby. Serum 
iron is influenced by several factors including pathogenesis and 
physiological factors e.g iron absorption from meals, infection, 
inflammation and diurnal variation (209).  
 
IV.2.3. Serum Total Iron Binding Capacity (TIBC): 
  Mean serum TIBC for the mothers was 468.40 ± 318.84 µg/dL, 
while that of their newborns was 309.81± 152.17 (Table 19). Cut off 
values for both mothers & newborns = 250 – 450 µg/dL (44.8 – 80.6 
µmol/L) (152, 153, 154). 
 Thirty five mothers (41.18%) had serum TIBC levels more than 
normal range, 27 mothers (31.76%) had normal, while 23 mothers 
(27.06%) had serum TIBC levels less than normal range. Serum TIBC 
levels were less than normal in 35 (44.30%) newborns; were within the 
normal range in 32 (40.51%) of them and were more than normal range 
in 12 (15.19%) babies (Table 20). Table 21 shows that there was a 
significant relation (p= 0.003) between mothers' and their newborns' 
serum TIBC levels. 
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During pregnancy, plasma volume expansion leads to decrease Hb, 
ferritin, and vitamin concentrations but increase in TIBC even in well-
nourished, nutrient-replete women (94).  
    
Mothers who had low serum iron levels had either normal or high 
TIBC as a physiological compensation to bind more iron.  
  
 A similar finding to our mean TIBC result was reported by 
Shommo, 2007 and Upadhyaya et al., 2004; they found that newborn had 
low levels of TIBC as compared to their mothers (8, 182). 
 
 
IV.2.4. Serum Ferritin concentration (SF): 
  The mean serum ferritin for the mothers was 26.57 ± 30.43 ng/dL, 
while that of their newborns was 127.65 ± 60.35 ng/dL (Table 19). Cut 
off values for newborn = 22.0 – 220.0 ng/mL; women = 10.0 – 124.0 
ng/mL (155, 156, 157).  
 Fifty nine mothers (67.82%) had normal serum ferritin levels, 26 
mothers (29.89%) had less than normal, and only two mothers (2.3%) 
had serum ferritin levels higher than normal range. Serum ferritin levels 
were within the normal range in most of the newborns (n = 76, 93.83%); 
were less than normal in three (3.7%) of them and more than normal 
range in two (2.47%) newborns (Table 20).  Table 21 shows that there 
was a significant relation (p= 0.007) between mothers' and their 
newborns' serum ferritin levels.  
 These findings show that maternal iron stores as ferritin were 
lower than their babies and the babies' stores were efficiently saturated 
but in proportion to mothers'. A/Elgader, 2004 found that mild to 
Discussion 
  
88 
 
moderate depletion of maternal iron stores did not affect newborns Hb or 
iron stores (210). 
   
Our study agrees with Abdelsalam 1998, who reported a low 
serum ferritin in 25% of the pregnant mothers (211). During pregnancy, 
haemodilution leads to reduced Hb, and a decrease in both serum ferritin 
and serum iron, and an increase in TIBC (94).  
   
Similar to our finding, cord blood ferritin was related to maternal 
hemoglobin and maternal ferritin in several other studies (207, 212–214) 
with few exceptions (195, 215).   
Serum ferritin of the mothers in this study was not statistically 
correlated to birth weight.   
In contrast to our finding, Ronnenberg et al., 2004 found that low 
maternal serum ferritin level was significantly associated with reduced 
birth weight. They stated that the use of low serum ferritin alone to assess 
iron deficiency can result in an underestimation of the true prevalence of 
depleted iron stores because this protein is also an acute-phase reactant 
that is elevated irrespective of body iron stores by infection or 
inflammation, which are common conditions in many populations (94, 
216).  
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IV.2.5. Serum Zinc (SZn): 
  The mean serum zinc for the mothers was 68.57 ± 21.81 µg/dL, 
which was within the normal range, but close to the lower cut off value, 
while that of their newborns was 65.05 ± 20.04 µg/dL and below the 
normal range (Table 19). Cut off values for both mothers & newborns = 
68.0- 107.0 µg/dL (10.4- 16.4µmol/L) (151).  
  
 These findings were higher than that found by Shommo, 2007 
(41.51± 17.59 µg/dL and 36.23± 19.02 µg/dL for mothers and their 
newborns respectively (182). Similar to our findings, higher maternal 
zinc levels than their newborns were previously reported (182, 217).      
  
 Fifty four mothers (60.67%) had normal serum zinc levels, 30 
mothers (33.71%) had less than normal, and only 5 mothers (5.62%) had 
serum zinc levels higher than normal range.  Serum zinc levels of the 
newborns were within the normal range in 45 (53.57%); less than normal 
in 37 (44.05%) of them, and more than normal range in two (2.38%) 
newborns (Table 20). Table 21 shows that there was a significant relation 
(p= 0.000) between mothers' and their newborns' serum zinc levels.    
 
Table 18 shows that newborns' birth weight was significantly 
related to their mothers' serum zinc level (p = 0.033). In agreement with 
our study, other studies found lower maternal plasma zinc to be a risk 
factor for preterm delivery and low birth weight (127-129, 147). Others 
could not find any correlation (137, 203, 218–220).    
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Plasma zinc is an acute index of zinc status that is difficult to 
interpret during pregnancy, because there is a decline in plasma zinc 
concentration that begins in the first trimester and continues throughout 
gestation due to hemodilution (221). Additionally, many factors besides 
zinc status influence plasma zinc, including disease states, diurnal 
variation, fasting, length of time before separating the plasma from cells, 
and sample refrigeration conditions (126).  
 
The reduction in maternal zinc levels observed during the third 
trimester is attributed to several factors, such as increased zinc uptake by 
the fetus and placenta, increased transfer of plasma zinc to maternal 
erythrocytes, expanded plasma volume, and decreased serum albumin 
availability for zinc binding during pregnancy (222). Furthermore, zinc 
transporters that are localized in placenta may play an important role in 
accelerating zinc uptake from the mother’s blood to the developing fetus 
(223). Thus, the level of zinc would be expected to be higher in cord 
blood than that in maternal blood.  
 
The lower newborns' zinc level reveals the inadequacy of zinc 
transfer at term of pregnancy to the rapidly growing fetus; this may be a 
reflection of low zinc among a large number of mothers as it was low in 
about 34% of them. 
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IV.2.6. Serum Vitamin A (SVit.A):  
  The mean serum vit A for the mothers was 48.30 ± 201.42 µg/dL, 
while that of their newborns was lower, 34.41 ± 9.54 µg/dL (Table 19). 
Both of them were within the normal range. Cut off values for both 
mothers & newborns = 20µg/dL ((23, 158). Our finding was not different 
from that found by Shommo, 2007 which was 43.13 ± 20.9 µg/dL and 
45.95 ± 21.28 µg/dL for the mothers and their newborns respectively 
(182).   
  
 Twenty nine mothers (96.67%) had normal serum vit.A levels, and 
only one mother (3.33%) had serum vit.A levels less than normal range. 
Serum vit.A levels were within the normal range in 29 (96.67%) of the 
newborns, and only one newborn (3.33%) had serum vit.A level less than 
normal range (Table 20). Table 21 shows that there was a significant 
relation (p= 0.013) between mothers' and their newborns' serum vit.A 
levels. This means that vitamin A levels of the newborns were affected 
by their mothers' levels. This closely agrees with previous studies, Tuli et 
al., 1999 and Shommo, 2007 (182, 224); but disagrees with Scaife et al., 
2006 who found that there was no significant correlation between 
maternal and cord plasma concentrations of vit.A (225).  
   
 Similar to our study, Scaife et al., 2006 found that at delivery, 
maternal plasma concentrations of vitamin A, E and β-carotene were 
significantly higher than cord levels (225). This reflects that mothers 
might have sufficient vitamin A stores in addition to its adequacy in the 
diet.  
 
An interaction between iron and vit.A metabolism has been 
suggested (226). VAD is known to precipitate anaemia and may cause 
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abnormalities in iron metabolism (37). Vit.A deficiency impairs the 
utilization of Fe and thus supplementation with vit.A may increase iron 
status as measured by hematological indexes (38, 39, 40). The main 
effect of vitamin A is to maintain adequate levels of Fe in plasma to 
supply the different body tissues, including the bone marrow, with proper 
amounts of this essential mineral. This may be the mechanism by which 
the hematopoietic tissue becomes favored with more available iron (38). 
Other vit.A studies suggested that a probable function of the vitamin is to 
mobilize Fe from storage into the circulation (41, 42).   
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IV. 3.CONCLUSIONS 
• Most of the mothers (91.3%) were housewives; 34.78% of them were 
illiterate, and 15.22% informally educated. There was significant 
correlation between maternal educational state and their newborns' 
serum zinc level.  
• Most of the mothers (67.39%) did not practice qat chewing (takhzeen 
al-qat) habit.  
• Dietary history showed that carbohydrates are the predominant 
nutrients in the daily consumed meals and they are the main source of 
energy requirement. Proteins of high biological value are the least 
abundant.  
• Vitamins and mineral supplements were used during pregnancy only by 
36.96%; this reveals that most mothers were not aware of the 
importance of supplement intake during pregnancy.  
• Seventy three mothers (79.35%) were used to drink tea with or 
immediately after meals. This was significantly related to mothers' 
hemoglobin and serum iron levels and to newborns' hemoglobin  &
serum vit.A levels.  
•  Most of the mothers (64.13%) were either primigravidae or para two. 
Number of pregnancies was significantly related to maternal serum iron 
and to their newborns' hemoglobin levels.         
• The mean of the newborns' weight was 2.8kg ±0.47. Seventeen 
(18.45%) of them weighed less than 2.5kg, low birth weight (LBW).  
Newborns' birth weight was significantly related to their mothers' 
hemoglobin level and serum zinc level.  
Conclusion & Recommendations 
94 
 
• About twenty seven percent of mothers were anaemic. There was a 
significant relation between maternal Hb and age of their marriage. 
Child marriage was significantly related to developing of anaemia of 
pregnancy. 
• Fifty percent of mothers had serum iron levels less than normal range. 
There was a significant relation between mothers' and their newborns' 
serum iron levels.  The high serum iron in cord blood compared with 
maternal blood, even in anemic mothers, suggests that the process of 
active transfer of iron from the mother to the fetus is adequately 
maintained. Also the results of this study showed that maternal iron 
stores as ferritin were lower than their babies and the babies' stores 
were efficiently saturated but in proportion to mothers'.    
• Thirty five mothers (41.18%) had serum TIBC levels more than normal 
range. There was a significant relation between mothers' and their 
newborns' serum TIBC levels. Mothers who had low serum iron levels 
had either normal or high TIBC as a physiological compensation to 
bind more iron. 
• There was a significant relation between mothers' and their newborns' 
serum zinc levels.  Newborns' birth weight was significantly related to 
their mothers' serum zinc level. Serum zinc was low in about 44% of 
newborns indicating inadequacy of zinc transfer during pregnancy to 
the growing fetus; this may be a reflection of low zinc among a large 
number of mothers as it was low in about 34% of mothers. 
•  Most of the mothers (96.67%) and their newborns had normal serum vit.A 
levels. There was a significant relation between mothers' and their 
newborns' serum vit.A levels. This means that vitamin A levels of the 
newborns were affected by their mothers' levels.  
Conclusion & Recommendations 
95 
 
IV. 4.RECOMMENDATIONS 
  
According to these findings we recommend the following: 
• Improving maternal awareness about antenatal care and 
supplementation during pregnancy.  
• Promoting appropriate diets and healthy life styles through nutritional 
education programs and nutritional interventions.  
• Encouraging mothers to get rid of bad habits such as qat chewing and 
tea drinking at or immediately after meals. 
• Encouraging households to take three to five services of vegetables and 
fruits daily.   
• Encouraging mothers to space between births by periods not less than 
24 months.   
• Improving household food security and nutrition to be able to obtain 
adequate daily requirements of different nutrients.     
• Further research on dietary intakes and micronutritional status of 
Yemeni pregnant women with larger sample sizes including different 
areas in the country is strongly recommended.  
• Establishing normal local referral values of hematological parameters 
for Sana'a and related areas to avoid under estimation.   
 
 
